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ABSTRACT 


The regiospecific construction of terminal enol borinates was 
investigated. It was found that the reaction of dicyclohexylborane 
with 2-diazoketones resulted in terminal enol borinates. These 
intermediates were successfully employed in the regiospecific 
synthesis of terminal Mannich bases. 

The “oxo-buty!" equivalent, y-phenyl(n-buty1)thiocroty] chloride 
wes prepared in three facile steps from ethyl] acetoacetate. The 
alkylation reaction of this halide with several regiospecifical ly 
generated enolates was studied. It was found that lithium enolates 
of cyclohexanones in DME were successfully alkylated in the presence 
of catalytic amount of lithium iodide. The hydrolysis reaction 
of the resulting y-pheny1l(n-buty1)thiocrotyl cyclohexanone -deriva- 
tives was studied. It was found that titanium tetrachloride in 
acetic acid promoted the hydrolysis-cyclization of these compounds 


to the corresponding ectalones. 
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PREPARATION AND REACTIONS OF TERMINAL ENOL BORINATES 


INTRODUCTION 


Mannich bases, B-aminoketones, form an important class of organic 
compounds. They are mainly employed as synthetic intermediates, in 
which the amino function is subsequently replaced by a different 


Groupe 2-253. 


For example, certain Mannich bases can undergo a 
reaction with nucleophile® such as CN- or R,NH to afford substitution 
products (eq. 1). 


>) © KCN 
C.HsCOCH,CH2NH(CH;)>C1 ses See) CgHsCOCH,CH2C=N (1) 


(67%) 
A useful procedure to obtain a,f-unsaturated ketones involves the 


elimination of the amino function either from B-aminoketone 2, or from 


the corresponding quaternary ammonium salt 3 as illustrated by equation 


2: 
| ® © 
C,HsCOCH,CH2CH3; + (CH20)3 + (CH3)2NH2C1 
Le 
PEE AGG at) aS 
CHa at (2) 
® 
CcHsCOCH-CHaN (CHa) aI” ee es CeHsCO-C=CH, 
Et distil. Ft 


One of the most important uses of Mannich bases is the Robinson 
annelation reaction’ 2° in which enolates of fairly acidic ketones 


(e.g. B-ketoesters) can be alkylated under mild reaction conditions. 
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Subsequent cyclization of the Michael adduct comprises an important 


step in the synthesis of numerous natural products. (Equation 3). 
CH; 


© | 
(Et) 2N—CH»CH,COCH, 
aD 


CO.Et 


O-Na* 


CO,Et 
CH2CH2COCH; 


if 


(10%) 


(3) 


However, ketones which are not easily enolized?>®>!7 (e.g. methyl- 
cyclohexanone), unlike the previous case, give lower yields of products. 
The reason for these results and an extensive discussion of the Robinson 
annelation reaction is reserved for the second part of the thesis. 

The Mannich reaction, like many cther alkylation and aldol type 
condensation reactions, is not @ regiospecific process. Of course this 
does not represent a pecber in the alkylation of symmetrical ketones 
or of ketones that undergo enolization in one direction only (eq. 1). 
However, the alkylation of unsymmetrical ketones which can form 
structurally isomeric enolates (or enols) results in a mixture of 
products. In addition to lowering the yield of the desired alkylate, 

a (tedious) separation procedure is required to fractionate isomers. 


Generally, the major product of alkylation or condensation reactions 
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involving unsymmetrical ketones is that which corresponds to substitution 
at the thermodynamically more stable enol.2&»2752® For example, 

Mannich condensation on methy] isopropyl ketone*® resulted in two 
products of which the major was derived from the more highly substituted 
(i.e. more stable) enol (eq. 4). 


® © 
(CH )2CHCOCH; + (CH20)3 + (CH3)2NH2C1 


0 CHs (4) 
CHs-C—C — CH2—N(CH3)2 + (CH3)2CHCOCH,CH.N(CH3)>2 
CH; | 
(22%) 
(76%) 


However, there are a few examples in which unsymmetrical ketones 
form Mannich bases corresponding to the less substituted enol?°®»?? 
(eq. 5). In such cases, it appears likely that the reaction product 
is strongly influenced by steric factors. Under equilibrium conditions 
(long reaction time and high temperature), the product which would 
result from attack at the more highly substituted enol is destabilized 
by steric interactions. As a result, it reverts to starting material, 


and eventually reacts at the less hindered site. 


0 pales 


C(CHa)2CHI.N=CHe oe CH (5) 
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In the past two decades various synthetic methods have been 
developed (such as enamines,*° trimethylsilyl] enol ethers,?!»32 enol 
acetates**>?*) to alkylate selectively one of the two a-positions of 
unsymmetrical ketones (eq. 6). 

oO 0 Oy a | 

Cc-C-C ——> Fates + Ca Ge 

C 


(6) 


In general, this method necessitates the specific formation of 
one of two possible enol derivatives. These in turn are converted, 
under kinetic control, to the correspondina metal enolates. As a 
result, unless a dominating factor such as steric interaction or 
thermodynamic control influence this process, an isomeric mixture of 


derivatives {and products) may be obtained as well (eq. 7). 


0 0Si(CH;) 0Si(CH;) 
Ie ol 
6 feeb AV ae 
0 0 
6 MeLi b 
mo] oCH.Br ti) 
— > + 
8 Bo (84%) 10 (7%) 


Clearly the above approach may be considerably improved if a synthetic 
method is developed which would: (a) enable the reqiospecific construc- 


tion of an enol derivative (uncontaminated with its structural isomer), 
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and (b) permit alkylation of this enol selectively without first 
transforming it into the metal enolate as in the above example (eq. 7). 
These factors have been considered by Hooz and Bridson?**35 in their 
development of a new solution.to the problem. Their approach is based 


on the reaction of organoboranes with a-diazo compounds?® (eq. 8). This 
Peers ce eee RECHT 


Zo eCOFEtmON ECHO wmCORs (8) 


reaction is believed*® to proceed by an initial coordination step of 
the borane with the diazo compound, followed by concerted migration 


of the alkyl group with displacement of nitrogen (eq. 9). 


® © © 9 
R3B + N2CHCO,Et ——— ee heb Ch OSE 
) 
No J 
Recen  COnc 1 eee ee er = Osbe (9) 
R~ R 


When these reactions were carried out in the presence of D,0°* 
the corresponding a-deuterio esters and ketones were obtained 


essentially in quantitative yield (eq. 10a). 


(Cone epee NECCOCH: seater nec en sCHCOCH 
D (10a) 


This route was further extended for the synthesis of dideuterio- 
methylene ketones and a,a-dideuteroesters. For example, treatment of 
a mixture of trihexylborane and deuterium oxide with diazoacetone-d, 


gave 3,3-dideuterio-2-nonanone in virtually quantitative yield (eq. 10b). 
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(CeHi3)3B + NoCHDCOCH, —229 = n-cgHysCD,COCH, —«-(10b) 


These results can be rationalized by the regiospecific formation 
of intermediates, presumably eno? borinates, which can readily be cleaved 
by water to yield the corresponding alkylated carbony] derivatives. 
Indeed, Pasto and Wojtkowski*”’ found that the initial intermediate 
11 could not be obtained from the reaction of an a-diazoester and 
trialkylborane, but rather the rearranged product, an enol borinate 


12, was isolated and characterized. 


: II 7OBRz 
RoB= CH— C ————---——> RCH=C_ 
R OBE OEt 
2 12 


a ——= 


Subsequently, Hooz and Bridson?*»>*° studied the regiospecific 
alkylation (and bromination) of enol borinates, and found that the 
"Mannich reagent", dimethyl (methylene)ammonium iodide,*® afforded 
excellent yields of B-dimethylamino ketones (eq. 11). 

R © i 
ReBOC=CHR! + Me,N=CHIS ———_=> R—c—cur: {11} 


| 
CH2N(Me) 
is 14 


—— 
— 


Under the mild experimental conditions employed, the positional 
isomer was not observed. The necessary enol borinate need not be 
isolated since THF solutions of these intermediates are easily and 
unambiguously obtained either by the reaction of trialkylboranes with 
a-diazoketones?®s37 (eq. 8), or by “conjugate addition" of organo- 
boranes to a variety of a,B-unsaturated ketones and aldehydes*® (eq. 


12). Thus, this simple one flask method efficiently permits the 
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regiospecific construction of certain Mannich bases, uncomplicated by 
problems associated with the original Mannich reactions. By a 
similar approach, the “isomeric set" of Mannich bases 15 and 16 were 


synthesized, thus demonstrating the versatility of this method above 


0 0 
| 
"iene sea a 
15 N yf 


the traditional Mannich condensation reaction (which is incapable of 
constructing this set selectively). 

It became apparent at this point that this methodology has left 
out an important class of Mannich bases 18, namely, the terminal Mannich 


bases of alkyl methyl ketones (eq. 13). To obtain this set of compounds 


oe 
R—C=CH, —————__>> | R-C~CH,CH,— NN (13) 


7 18 


—— 
_— 


one has first to generate the terminal enol borinate 17. However, this 
intermediate cannot be obtained by either of the two routes described 
above, as an alkyl group is transferred during the reaction, resulting 


in the formation of an internal enol borinate. 14. 
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Terminal enol borinates are potentially important intermediates, 
especially when one considers that enol derivatives (such as enol 
acetates, trimethylsilyl enol ethers, etc.) having a terminal double 
bond are not easily accessible. An interesting indirect synthetic 
approach has recently been reported by Hudrlik and Hudrlik*® who . 
investigated the solvomercuration reactions of terminal acetylenes 
as a route to these enol derivatives. For example, enol acetates were 
obtained by treatment of terminal acetylenes with mercuric acetate in 


acetic acid, followed by demercuration with NaBH, (eq. 14). 


Z 
R— == + HyX, + H-— > Zu * ~+ HX 
HgX 
ier 
"+ -NaBH, —-——> R 
( ae (14) 


HgX 
Z = OAc (85%) 


OMe (65%) 
i (20%) 


Unfortunately, the regiospecific construction of terminal enol 


derivatives such as enol acetates, TMS enol ethers, etc. falls short 
of solving the problems associated with alkylation of a methyl alkyl 
ketone at the less substituted a position. For example, equation 15°° 
illustrates that enolization of methyl alkyl ketone 20 with a hindered 
base, or cleavage of the corresponding mixture of trimethylsilyl enol 
ethers resulted in a mixture of enolates, and subsequent alkylation of 
the enolate mixtures produced substantial amounts of three byproducts 


(eq. 15). 
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oCH,Br 
CHod CHo¢ 


| | 
RCOCH2CH2@ + RCHCOCH; 2S RCH2COCH(CH2d)2 + RCHCOCH,CHo 


22 (16%) 23 (31%) 24 (13%) 25 (9%) 


House** explains that both the internal enolate and the enolate 
derived from the monoalkylated compound 22 react more rapidly than the 
starting terminal enolate. This slower rate of alkylation of terminal 
enolate 21b allows equilibration between the starting enolates and the 
alkylated products. This equilibration favors both the consumption of 
the desired monoalkylated product 22 and the formation of the byproducts. 
Based on these observations, House concludes that attempts to alkylate 
selectively at the methyl group of a ketone RCH,COCH; by any method 
which involves generation of a terminal enolate RCH»C(0-)=CHaLi® will 
not be a good synthetic procedure and other indirect methods?* should 


be used. 
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However, recent work by Stork and co-workers*! demonstrates that 
terminal lithium enolates of methyl alkyl ketones can indeed be trapped 


with sufficiently reactive electrophiles such as aldehydes (eq. 16). 


eri PLie 


I CH3)2CHJoNLi 
CH3CH,CH2C—CH3 ElcHs)2CHJaNLi CH 3CH2CH2C=CH2 + CH3CH2CH=C-CH3 
major 
a (16) 
0-14 ; 0 OH 
CH3sCH2CH2C=CH2 + CH3sCHe2CH2CHO ——————— > (CH3CH2CH2CCH2CHC 3H 


(70%) 


The reaction is carried out at low temperature (-78°) which 
apparently prevents equilibration of enolates. For less reactive 
electrophiles such as simple alkyl halides, however, the problem 
remains virtually unsolved. 

The above discussion again demonstrates the need for a new 
synthetic approach, in which terminal enol derivative could be 
regiospecifically constructed and alkylated directly without first 
transforming it into a metal enolate. | 

We examined two independent routes for the regiospecific 
construction of terminal enol borinates. The first considered the 
reaction of ketone with trialkylboranes, by analogy with the reaction 


of a,®-unsaturated carbonyl] compounds with an alkylborane*? (eq. 17). 
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This proved unsuccessful although Mukaiyama and co-workers*? have shown 
that thioboranes (like dialkylthioboronites) do undergo reaction with 
ketene (eq. 18) to yield the corresponding thioenolborinate. 

S¢ 


Repo CH) =U Ot ees, =< (18) 
OBR, 


The second approach is essentially an extension of the trialkyl- 
borane-a-diazocarbony]l reaction (eq. 8). A study was made of the 
reaction of various dialkylboranes with a-diazoketones. The purpose 
of this project was to find a suitable dialkylborane which would 
a) be sufficient electrophilic to coordinate with diazoketones, and 
b) transfer "hydride" (rather than an alkyl group) (eq. 19) in an 
analogous manner to the R3;B-a-diazo reaction, thus allowing the 
regiospecific construction of terminal Mannich bases of methyl alkyl 


ketones. 
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Indeed, after examining various dialkylboranes, we have found 
that Pine che ibonare does undergo such a reaction with diazo- 
ketones, details of which are given in the next section. This 
development opens the way for the regiospecific synthesis of 
alkylated derivatives (8-aminoketones, etc.) in a manner which 
is synthetically equivalent to alkylation at the CH; group of a 
methyl alkyl ketone (eq. 20). 


bee = 
R= R-C—CH>—E (20) 
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RESULTS AND DISCUSSION 


By analogy with the reaction of trialkylboranes with a-diazo- 


ketones, °° 


it was anticipated that the reaction of dialkylboranes 
with diazo substrates might also proceed by an initial coordination 
step. In this case, however, two subsequent possibilities exist: 
2) "hydride" transfer which would form a terminal enol borinate, 


and b) alkyl transfer which would result in an internal enol borinate 


(Scheme I). 
~H | OBR: 
R-C-CH, BR-°>R-C=CH, 
0 1 
iI RBH | + -N, 
a ee Re Se 
R- C—CHN2 RT=alkyl, R—-C a No 
Heel R'~B-H 
R! 
spake 0-BHR 
R-C-CH-BHR?>R-C=CHR? 
R} 
Scheme J 


To investigate this reaction as a potential route to terminal 
enol borinates, a series of borane derivatives were treated with 
several a-diazoketones. 

Diborane was chosen first as it represents the simplest borane 
and ig capable of transferring three hydrogens. When diazoacetophenone 
in THF was added to an equivalent of a borane-THF solution (-78°, 9 hr) 


an equivalent amount of gas (presumably N2) was liberated. Mild 
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hydrolysis with methanol (-78°) released two additional equivalents 
of gas (presumably H,) (eq. 21). 

H i" 
CeHs—C—CHN2 + BH3 ——_—__-S> No + Ho + C,gHs—C—CHs 


(21) 
OH 


| i 
+ (C.H;— CH—CH, + CgHs—CH2CH3; + CegHs -C—H 


Gle analysis of the mixture indicated the formation of four 
Products: acetophenone (28%), 1-phenylethanol (5%), ethylbenzene 
(15%) and a trace (ca. 3%) of benzaldehyde. The presence of ethyl- 
benzene and |-phenylethanol indicates that a reduction process takes 
place in addition to the anticipated reaction although there is no 
clear indication of how or at what stage of the reaction this competing 
process occurs. The most surprising and inexplicable result is the 
formation of a small amount (ca 3%) of benzaldehyde, which involves 
cleavage of a C-C bond. 

The reaction was repeated using 0.33 equivalents of borane and 
essentially quantitative evolution(per B-H bond)of Nz (98%) was 
detected. However, the yield of the expected product, acetophenone, 
was only 2%. This indicates that the intermediate enol borinate is 
either formed in an extremely minor amount or, if it is formed, it 
then undergoes further reaction to give intermediates which do not 


yield the ketone upon hydrolysis. 
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Alkyl diazoketones apparently undergo similar reactions, although 
in this case only two products were detected, ketones and hydrocarbons 
(fable I, entries 3-4). 

These observations suggested that it would be preferable to use 
"mixed" boranes, such as dialkyl(halo)boranes, or hindered alkyl- 
boranes, in an effort to suppress transformation of the enol borinate 
into other intermediates and prevent the reduction process which could 
arise from the presence of intermediate boranes bearing active hydrogens. 

An analogous study has been reported by Hooz, Brown and co-workers *? 


in the dichloroalkyl(aryl)borane-a-diazo reaction’® (eq. 22). The 


advantage of this mixed organoborane over trialkylboranes is that the 
former permits the transfer of only one of three vossible alkyl(ary1) 
groups, which maximizes the synthetic utility of this process. Thus, 
the reaction of ethyl] diazoacetate with phenyldichloroborane in THF 
provided, after protonolysis, phenylacetate in 92% yield. However, 
repetition of this reaction with n-butyldichloroborane gave relatively 
poor results, 43% ethyl hexanoate and 30% ethyl chloroacetate. These 
results suggest a mechanism similar to that of the trialkylborane-a- 
diazo reaction, in which there is migration of chlorine as well as an 
alkyl group. After examining several other examples under various 
reaction conditions, these workers concluded that the order of migra- 
tion aptitude is Ar>R>C1. Such an order for aryl vs. alkyl had been 


previously observed in the rearrangement of a-haloboronates.** 
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fj 

ROG omer CHCUe Pipe ne C1—B-CH~CO,Et 
29 
j 
oer 
kts 
eee ae (24) 
Cl—B-CH—CO,Et + WN, 
R 
3] 


In the light of these results we studied the reaction of dichloro- 


borane*>>*®s*7 with diazoacetophenone. The dichloroborane was 


prepared by two different routes, in ether and THF, since solvent 


seems to be an important factor in the analogous reaction with 


R(ArBCl.. In the first preparation, a solution of BC1l3 in ether 


was reduced by NaBH, *® (eq. 25). BHC1l, in THF was obtained by 


Et20 
LiBH, + 3BC1,;  ———————— > 4BHCl2-Et2,0 + LiCl (25) 


reaction of borane in THF with a standardized THF solution of HC1*® 
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However, regardless of the mode of preparation or solvent; the 
reaction of BHC], with diazoacetophenone (eq. 27) gave three products: 


acetophenone, chloroacetophenone, and 2-chloro-1-phenylethanol. 


s 


0 0 0 CHS et 
_ o-C-CHN, + BHC],-——————> No + o-C-CHz + o-C-CH,-C1 + o-CH-CH2-Cl 


(100%) (25%) (60%) (6%) 


Acetophenone and the chlorinated products were presumably formed 
by hydrogen and chlorine migration respectively, in a fashion similar 
to the reaction of RBCl, derivative with diazo compounds.*? The yield 
of the products indicates that the migration aptitude of chlorine is 
somewhat higher than that of hydrogen. Thus, one could extend the 
earlier observation to give an overail migratory aptitude of 
Aree cooGl ood. 

Since the anticipated product, acetophenone, was obtained in 
relatively low yield, we then turned our attention to commonly used 
dialkylboranes such as: 9-borabicyclo[3-3-1]borane (9-BBN), bis 
(3-methy1-2-buty1)borane(disiamy] borane) and dicyclohexylborane as 
well as the monoalkylborane, 2,3-dimethyl-2-butylborane (thexylborane). 

The migratory aptitude of alkyl vs. the cycloocty] bond of 
B-alky1-9-borabicyclo[3-3-1]nonane (B-R-9BBN) derivatives has been 
examined in several systems. In a series of communications*® it had 
been demonstrated that B-R-9-BBN derivatives could be advantageously 
employed for alkylation of a-halo carbanions (eq. 28) as well as in 


carbonylation reactions. 
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On the other hand, B-R-9-BBN derivatives react with diazoacetone 
and ethyldiazoacetate,*® respectively, to give a product derived 
exclusively from B-cyclooctyl bond migration. It was therefore of 
interest to study the behaviour of 9-BBN in our systems. 

Addition of a THF solution of 1-diazo-5-methy1l-2-hexanone to a 
THF solution of 9-BBN at 15° resulted in quantitative nitrogen 
evolution. However methanolysis of the crude mixture (hydrolysis 
and alcoholysis effectively cleave the B-0 bond of enol borinates)*®, 
followed by glc analysis, did not indicate the presence of the 
anticipated ketone, 5-methyl-a-hexanone, which would have resulted 
from B-H bond migration. 

In a variety of reaction of "mixed" thexylboranes, the thexy] 


group has been shown to migrate least readily.°° However, experiments 
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with thexylborane indicated that this hindered monoalkylborane is 
unsuitable for use in our system. Extensive coloration occurred 
and only low yields of No evolution was observed. 

We then found that both dicyclohexylborane and disiamylborane 
undergo a reaction with alkyldiazoketones as anticipated. The use 
of dicyclohexylborane gave slightly higher yields. in spite of the 
fact that the reaction with the latter is heterogenous. 

After varying some reaction parameters, such as temperature, 
stoichiometry, and the duration of the reaction, we observed that 
the highest yields of ketones were obtained when the dialkylborane 
was used in slight excess (1.3:1) and the reaction was carried out 


in THF at 5° to 7°C for about 45 minutes (eq. 28). 


0 


x F ee a eee i ‘ ya 


90% 80-85% 


(28) 


Using these conditions, the reaction was explored for several 
diazoketones and the results are summarized in table II. Clearly, 
steric factors play an important role in this system. The yield of 
ketone and hence precursor enol borinate progressively decreases 


with increasing steric bulk of the parent diazoketone. 
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Reaction of diazoketone with dicyclohexylborane and disiamylborane 


Diazo Compound % No Product 


0 
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25 __ 
CHN, 
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¢—C—CHN, 32 eZ o—C—CH; 


* Not detected by glc analysis 


Gic Yield 
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One attempt was also made to prepare an aluminum analog, e.g., 


R2A1-0-C=CH,. It was expected that such an intermediate could be 


formed using the appropriate dialkylaluminum hydride because in many 
instances organoaluminum compounds display chemistry similar to that 
of organoboranes. For example, both orcanoaluminum hydrides and 
dialkylboranes react with acetylenes®!*5? or ketones5!»5? ina 


similar fashion. 


H 
] 
R ATH bec =0ne: 
a 
mS 
C=0 
a 
x 
R,BH me —OBR, 


Thus it was interesting to compare the reactivity of an organo- 
aluminum hydride with dicyclohexylborane in its reaction with an a- 
diazoketone. The reaction between diisobutylaluminum hydride and 
]-diazo-5-methy1l-2-hexanone was carried out in ether and THF. It 
was observed that the rate of the reaction is much slower than 
that of the organoborane and extensive coloration took place. In 
contrast to the organoborane,diisobutylaluminum hydride reacted 
faster in ether than in THF, although, in either solvent nitrogen 
evolution did not exceed 50% of the theoretical amount (eq. 29). 

It became clear at this point-that dialkylboranes are more suitable 


hydride transfer reagents than diisobutylaluminum hydride and our 


r 
_ 
‘¢ 
¥ 
tem 
hy 
ye 
i 
4 
‘ 
f 
vl 
t 
mes 
4 
a » 
oft 
mee 


2 

Pet 

a —— a) 
aes 


; my aa? 
ee} Meee vtatte 


SbYA, Gutt 


U i Ty 
“WHT S 
it 
vy ‘ 
a 
% 
2 “1 
. 
ie 
yatsyon - ab 
yi? ; iM A 
<c - ‘ 
Ms PB) 2 
1 ‘S¥; ral 


A ait 


a 
” 
} 
\ 
vy 
9 
if 
i 


u 


¥ } i 
, ’ 
Poet . 
( fel 
| ye an 
stent? 
ip” =? 


e if yet heor o" 
-_ a 
vicoherte. ab a7eat 


7 
, q _ a q 7 
7 - a ore s - i 


if baal f ' ' BUTE 


7 
- 


mi 
ii hit? at hake 


~ Jonss Cnty ANE 


xh 
Him ae 
d : 
= 
7 Li 
ie 
J 
f 
' 
" - if 
f = yi i 
7 iit le 4 
id 4 
A obi 
i ' " 
‘ Le Pie hh el ra “ari 
ae 7“ page ‘i 
ee? ; 
jao27 ba i ad 4 
Fs peta 
) NPT " ¥) osey 


hee ; a | . 
b 994 Vallanc. gbas ry at: tn. 
: ee = a . . 


ro i he ¥ ~ 


- 23 


‘0 
(29) 
2M + Oa py No + 
2 


(50%) (40%) 


efforts were then concentrated on using dicyclohexylborane for the 
preparation and utilization of terminal enol borinates. 

The observation that the intermediate enol borinate underwent 
rapid cleavage by water*® (or MeOH) suggested the possibility of 
specific deuterium incorporation by employing deuterium oxide (or 
MeOD) as the hydrolytic medium. When the reaction of a-diazoketones 
with dicyclohexylborane was quenched with D20 or MeOD, high yields 
of ketones with relatively high monodeuteri um incorporation were 
obtained. The results are summarized in Table III. The NMR spectrum 
of tne monodeuterated ketones exhibits a triplet at 7.8 t with J = 
2 Hz corresponding to the monodeuterated methyl! group. 

This preparation of 1-deuterio-2-alkylketones, complements the 
work of Gunn>* who showed that a-deuterio esters and ketones 33 can 


be synthesized according to equation 30. 


R3B + N,CHA —————WH\—> SeaBibott 


A = CO2Et, COCH;, CO» 
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Table III 
Deuterium Incorporation of Methyl alkyl ketones 
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The high percentage of d, (as determined by NMR and mass spec) 
again indicates that the formation of the terminal enol borinate is 
a reqiospecific process and that, under the reaction conditions 
employed, the intermediate does not undergo isomerization to the 
thermodynamically more stable enol. (The formation of smal] amounts 
of d. and dz is probably due to adventitious hydrolysis, and 
deuterium scrambling on qic column respectively. ) 

Having developed a route to terminal enol borinates, we turned 
our attention to the possible utilization of these intermediates for 
synthesizing the corresponding Mannich bases. 

The Mannich reagent, dimethyl] (methylene) ammonium iodide was 


prepared according to the procedure developed by Eschenmoser and 


co-workers®° as illustrated in equation 31. 
jl 
nae aCe 
+/ =~ 
(CH;)3N ct CH, 1, ————> Boa nas cH eet + CH31 (31) 
CH3 J 


The reaction between a preformed enol borinate and the "Mannich 
reagent" proceeded under very mild conditions and gave good yields of 
B-aminoketones. 

For example, sequential treatment of a THF solution of dicyclo- 
hexylborane with 1-diazo-5-methy1l-2-hexanone in THF, followed (after 
nitrogen evolution ceased) by 1.15 equiv. of “Mannich reagent" (in 
\* 


DMSO afforded after a hydrolytic work-up a 92% yield (glc) of 


9 


+ The presence of DMSO cosolvent was crucial to the SuCCeSS of the 
reaction of internal enol borinates with the "Mannich reagent" 3" 
and was therefore routinely employed in the present study. 
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1-dimethylamino-6-methy1-3-heptanone (Picrate m.p. 97-98°). Other 
examples are illustrated in Table IV. 

As the results in Table II indicates, this preparation is not 
suitable for very hindered diazoketones, like diazomethyl-t-butyl ketone 
and for diazoacetophenone. However this drawback is not of major 
Significance, since the conventional procedure for the synthesis of 
such Mannich bases can be employed as the corresponding parent ketones 
can be enolized in one direction only. 

At the conclusion of this investigation, a recent report appeared 
on the regiospecific synthesis of terminal Mannich bases.?? It was 
shown that relatively hindered methyl alkyl ketones (methyl cyclohexyl] 
ketone and methyl isopropyl ketone) when reacted with di-isopropyl- 
(methylene )ammonium perchlorate in refluxing acetonitrile for 72 hrs. 
gave the corresponding terminal B-aminoketone in relatively high yields. 
However, Since the reaction appears to be thermodynamically controlled 
{prolonged reaction time, hindered "Mannich reagent" etc.) it is 
limited to methyl-5-alkylketone systems, thus leaving the unhindered 
cases untackled. 

In conclusion, this investigation has shown that regiospecific 
construction of terminal enol borinate can be achieved by the reaction 
of dicyclohexylborane with diazoketones. Furthermore, this inter- 
mediate can be successfully employed in the regiospecific synthesis 
of terminal Mannich bases, compounds which are not easily obtainable 


otherwise. 
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EXPERIMENTAL 


General Considerations 


Infrared (ir) spectra were recorded using a Unicam SP1000 
Infrared spectrophotometer. Nuclear magnetic resonance (nmr) 
spectra were run on a Varian A-60 or HR-100 spectrometer. Chemical 
shifts are reported as 6 values relative to TMS=0. The following 
abbreviations are used in the text: s = singlet, d = doublet, 

t = triplet, and m = multiplet. Mass spectra were recorded on an 
AEI Model MS-9 spectrometer. Spectra are reported in the 
following fashion: m/e = peak mass (relative intensity). 

Quantitative analytical gas liquid chromatography (glc) analyses 
were performed on Varian Aerograph Series 1200 and 1400 instruments 
versus a reference solution of the authentic compounds. Preparative 
gle work was performed on a Varian Aerograph A-90-P3 instrument. 

Refractive indices were measured on a Bausch and Lomb Abbe-32 
Refractometer. 

The concentration of commercial borane-THF solutions (Alfa, 1M) 
were determined by hydrolysis with a water-ethyleneglycol mixture 
and measuring the H, evolution.°*»®° 

In the synthesis of diazoketones®®>°°°®°, diazomethane was 
prepared by the method of Moore and Reed°’, using the modification 
of Hooz and Bridson.°® 

All operations involving boranes and aluminum compounds were 


carried out under an atmosphere of oxygen-free nitrogen. °° 
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General procedure for the preparation of diazomethy1 alkyl ketones - To 
a cooled (-5° to -10°) solution of diazomethane (ca,0.25 mol) in 
ether (7CO mi) was added dropwise, with stirring, a solution of the 
acid chloride (0.07 mol) in ether (50 m1) over a 30 min period. The 
reaction mixture was then allowed to warm slowly to room temperature 
and was then stirred overnight. After removal of polymethylene by 
filtration, the resulting solution was dried (Na»SOs) and concen- 


trated. The residue was then distilled under reduced pressure. 


Preparation of diazomethyl isopropyl ketone - was prepared as described 
above from isobutyryl chioride (7.0 a, 0.060 mol) and diazomethane 

fea 0.25 mol). Distillation (46-47°/4.0 mm) afforded 5.3 q (81%) of 
diazomethyi isopropy] ketone: Np E0727 sli tee Np ° Teaz27is 

iv (thin cen) 2083 cm”? (CH-N=N), 1640 (C=0); nmr (CDC1;,): 6 5.34 

(s, TH) U=CH=Np, 12d, de = 96. On HZ, 86H) (CHa aCe econ (Msadecno.onHz4 
1H) HC(CH3). 


Diazomethyl-t-buty] ketone was prepared as described above from t- 
butyry?chloride (4 g, 0.033 mol) and diazomethane (0.12 mol) in ether 
(250 ml). Distillation (50-51°/2.7 mm) afforded 3.1 g (78%) of 
diazome thy l- t-buty]ketone, Np” 1.4666; ir (thin film) 2083 cm? 
(CH-N2N) 1640 (C=0); (CDC1;) 6 5.34 (s, 1H) -C-CH-No, 1.3 (s, 9H). 


1-Diazo-5-methy1-2-hexanone was prepared according to the general 
procedure from 5-methyl-2-hexanoy] chloride (14.5 g, 0.11 mol) and 


diazomethane (0.35 mol) in ether (1300 ml). Distillation (50-51°/ 
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0.5mm, 64-65/1.7 mn) afforded 13.0 g (80%) of 1-diazo-5-methy1-2- 
hexanone Ny 1.4757; ir (thin film) 2083 cm™! (CH-NEN), 1640 (C=0). 


Diazomethyl cyclohexyl ketone was made as described above from cyclo- 
hexane carboxylic acid chloride (1.12 g, 0.08 mol) and diazomethane 
(0.35 mol) in ether (1000 ml). Fractional distillation (75-76°/0.5 
mm) afforded 9.0 g (80%) of diazomethyl cyclohexyl ketone: ir (thin 
film) 2083 cm’ (CH-N=N), 1640 (C=O). 


1-Diazo-2-heptanone was prepared as described above from hexanoy] 
chloride (9.2 g, 0.067 mol) and diazomethane (0.35 mol) in ether 
(700 ml). Fractional distillation (bp 52-53/0.5 mn) afforded 7.5 g 
(80%) of 1-diazo-2-heptanone; Np 1247093 ica thine film)2083 cn 
(CH-NEN), 1640 (C=0). 


Reaction of diborane with diazoacetophenone. A dry 50 ml flask 


equipped with a magnetic stirring bar, addition funnel and septum 
inlet was flushed with es nitrogen and then connected to a gas- 
measuring device. The flask was cooled to -78° and charged with 

borane solution (4.25 ml, 1.18 M, 5 mmol) in THF (10 ml). To this 
solution was added, dropwise, (2 hr) a solution of diazoacetophenone 
(0.745 g, 5.1 mmol) in THF (20 ml). The reaction mixture was kept 

at this temperature for an additional 7 hr until the nitrogen evolution 
ceased. Then cold (-78°) methanol (20 m1) was added dropwise over a 
period of 30 min and the mixture was stirred (2 hr) until 2 equivalents 


of gas (presumably H2) were collected. At this point the reaction 
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mixture was poured into sodium hydroxide solution (ca 2 M), the organic 
layer was separated and the aqueous phase was extracted with ether 

(3 x 30 ml). The combined organic phase was dried (Na,SO,) and the 
solution was concentrated at atmospheric pressure. The yield of 
acetophenone in the residue was determined as 28% by qlc (20% DEGS, 
150). Three other minor components were identified by glc-mass spectral 
analysis and by glc peak-enhancement experiments with authentic samples 


as: benzaldehyde, ethylbenzene and 1-phenylethanol. 


Reaction of dichloroborane with diazoacetophenone in THF. A solution 
of dichloroborane*® in THF (12.6 ml, 0.396 M, 5 mmol) was placed in 
the apparatus described above. To this solution was added a solution 
of diazoacetophenone (0.74-q, 5.1 mmol) at -15° over a period of 2 hr. 
Nitrogen evolution was 100% (based on diazo compound). Methanol (10 
ml, precooled to -20°) was then added and the mixture was stirred for 
an additional 30 min. At the end of this period the reaction mixture 
was poured into sodium hydroxide solution (ca 2M), the organic layer 
was separated, and the aqueous phase was extracted with ether (3 x 20 
ml). The combined organic phase was then washed with brine and dried 
(Na.S0,). After removal of solvent, the concentrate was analyzed by 
gic (20% DEGS, 180°). The three products were characterized both by 
peak-enhancement with authentic samples and by glc-mass spectral 
analysis as (in order of elution): acetophenone (25%) chloroaceto- 


phenone (60%) and 1-phenyl-2-chloroethanol (6%). 
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Reaction of dicyclohexylborane with diazoacetophenone. To a solution 
of BH; in THF (15 mmol) was slowly added cyclohexene (2.46 g, 30 mmol) 


in THF (15 m1) over a period of 20 min at 0°. A white precipitate 
formed, and the mixture was stirred at 0° for 1 hr. Then diazoaceto- 
phenone (2.2 g, 15 mmol) in THF (15 ml) was added, dropwise, (1 hr) 

at 5° to 10°. The solution gradually turned dark orange and No 
evolution was only 32% of the theoretical amount. The reaction mixture 
was worked up as above and analysis of the residue by glc (20% DEGS, 


150) showed the presence of 28% of acetophenone. 


Reaction of disiamylborane with diazoacetophenone. A solution of 


disiamylborane (10 mmol) was prepared by the hydroboration®® of 
3-methy1-2-butene (1.4 g, 20 mmol) in anhydrous THF (10 m1) at O°C. 
The magnetically stirred mixture was kept at 0° for 1 hr and then 
@llowed to warm to 5°. Then diazoacetophenone (1.43 g, 10 mmol) in 
THF (10 m1) was added dropwise (1 hr). The color of the solution 
gradually turned dark orange and nitrogen evolution was only 28% of 
the theoretical amount. The reaction was worked up as above, and gic 
analysis of the residue (20% DEGS, 150°) indicated a 24% yield of 


acetophenone. 
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Deuteration Experiments 


|-Deuterio-2-hexanone - A dry 200 ml flask equipped with a magnetic 
stirring bar, addition funnel, and septum inlet was flushed with dry 
nitrogen and then connected to an azotometer. The flask was cooled 

to 0° and charged with a solution of borane in THF (24 mmol). To 

this solution cyclohexene (7.92 q, 48 mmol) in THF (20 m1) was added 

(70 min). A white precipitate formed and the mixture was stirred for 
Thr at 5°. Then 1-diazo-2-hexanone (2.52 g, 20 mmol) in THF (15 m1) 
was added, over 30 min. The reaction mixture was kept for an additional 
1.5 hr at 5° to 7°, and nitrogen evolution was 93% of the theoretical 
amount (based on diazoacetophenone). Then D,0 (10 m1) was added and 

the mixture was kept at 5° to 7° for 30 min. The white solid which 
formed was filtered off and the organic phase was washed with water, 
then brine, dried (Na,S0,) and concentrated at atmospheric pressure. 
Analysis of the residue by glc (20%.DEGS, 100°) showed the 

presence of 83% 2-hexanone; glc-mass spectra (20% carbowax 20M, 100°C) 
Rie -mmlO2N (Sen Dt 1 lO l(2550 0) 5 100) (525 p--|) 58606 )eeou (557 ona) 
72 (22), 71 (8), 60 (11), 59 (100), 58 (27). The percentage deuteration 
was determined as follows: The ratio of the peak heights (mm) when 
corrected for 13C contribution (1.1% per carbon), of p-1:p:pt+l were 
considered as the proportions of undeuterated ketone: mono-: | 
dideuterated ketone present in the mixture. A sample calculation is 
given as follows: Total contribution of *°C for a Ce is 6.6% (6 x 1.1). 
For the undeuterated ketone (dos m/e 100, 50 mm peak height) this requires 
no correction as there is no peak at m/e 99. For the monodeuterated 


compound (d, m/e 100, 241 mm peak height) this correction (6.6% of 
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50 mm) is 3.3 mm making the required peak height 238 mm. Similarly, 
For the dideuterated ketone/d,, m/e 102, 28 mm peak height), this 
correction (6.6% of 238) is 15.7 mm, making the required peak height 


i2 mm. Thus, the percentage deuterium incorporation is, for do; 


menu x 100 = 17%, for d, 238 x 100 = 79% and for 

(504238412) (50+238+12) 

do 12 x 100 = 4%. A sample was collected by preparative 
(50+238+12) 


Jic (20% DEGS, 100°C), nmr: 62.4 (t, J = 6 Hz, 2H) CHa-C=0, 2.1 (t, 
J = 2Hz, 2H) C-CH2D, 0.8-1.8 (M, 9H) CH3CH)CHo-. 


]-deuterio-5-methyl-2-heptanone was prepared as described above from 

dicyclohexylborane (24 mmol) and 1-diazo-5-methy1-2-hexanone (2.81 g, 

26 mmol). Gic analysis (20% DEGS, -100°) of the reaction mixture 

showed the presence of 83% of 5-methyl-2-heptanone. Glc mass spectral 

apelysisen/ Gam | lOmUla258pt lie alloy (SnD). an(leland—l), Olm(5) 3 

Teme eS) 600 (1 7).859 (100)5 58.01 2)6 657 (25) 645: (90). 44 

(70), 43 (4); present deuteration: d. 5%, dy 82%, do 11%; Np)’ 1.40020; 
it 


NM Res Gpee de (ty de=!6)H2,06H) CHC. spi2 2) (Py Ua= 28H25 2h) Pagueeis 
We4oiebe (mis ot) a) 1a (G,0) =07 H2.6H)e CHS) eCH: 


i-deuterio-3-methy1-2-butanone was prepared from dicyclohexy lborane 

(24 mmol) and 1-diazo-3-methy1-2-butanone (20 mmol) with the following 
modification of work-up. After nitrogen evolution ceased (82% based on 
diazoketone), MeOQD (7 m1) was added and the reaction mixture was 
stirred at -20°C for 30 min. At the end of this period it was 


poured into a cool solution of NaHCO; (2M, 30 ml) and was extracted 
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with pentane (3x 30ml). The organic layer was washed with water and 
brine, dried (Na2S0,), and concentrated at atmospheric pressure. 

Gic analysis (20% carbowax 20 m, 90°C) indicated a 71% yield of 
3-methyl-2-butanone. Glc mass spectrum m/e: 88 (3, p+l), 87 (16, 
Die Gm OD) sila 4) a 56 (6) BSE (2 ne 44 100) 4s COR DT lane 
NMR eee gue2.5 (my 1H) CHU.) 201) (ta =e2cHz. 2H) CacHsD, 
Weed een U7 OH ie 


Reaction of diisobutylaluminum hydride with 1-diazo-5-methy1l-2-hexanone 
To a solution of diisobutylaluminum hydride (Alfa, 1.42 g, 10 mmol) in 


ether (10 ml) was added droowise, with stirring, 1-diazo-5-methy1-2- 
hexanone (1.41 g, 10 mmol) in ether (10 m1) over a period of 2.5 hr. 
Nitrogen evolution was only 50% of the theoretical amount and the 
reaction mixture gradually turned dark orange. The mixture was then 
carefully poured into ice-concentrated HC] (exothermic). After 
stirring for 15 min the two layers were separated. The aqueous phase 
was extracted with ether (3 x 30 ml) and the combined organic phase 
was washed with saturated bicarbonate solution, dried (Na,S0,), and 
evaporated. Analysis of the residue by qlc (20% DEGS, 100°) showed 


a 40% yield of 5-methy1-2-hexanone. 


Preparation of dimethy1 (methylene) ammonium jodide>® - A mixture of 
trimethylamine (10 g, 0.17 mol), diiodomethane (60 g, 0.21 mol), 


dioxane (10 ml), and anhydrous ethanol (75 ml) was kept in a closed 
vessel in the dark for 110 hr at room temperature. The crystals 


which formed were filtered off, washed with ethanol and then with 
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cold ether, and dried for 1 hr at 70°C/0.05 mm. (Iodomethy1)tri- 

methylammonium iodide (49 g, 89%) was obtained as colorless crystals. 
A suspension of the salt (40.0 g) in dry tetrahydrothiophene 

dioxide (120 m1) was placed in a dry four-necked flask fitted with 

a stirrer and thermometer and tube for passage of nitrogen, the exit 

tube leading to a cold trap (for MeI). The flask was flushed with 

N2 and the reaction mixture was heated, while a slow stream of Np 

was passed in. The crystals dissolved rapidly at ca 130°C and the 

methyl] iodide was conveyed by the No stream into a cold trap, and 

the decomposition was completed in 15 min (ca 150°). On cooling, 

dimethyl(methylene)ammonium iodide crystallized directly from the 

yellow solution; it was filtered off under N., washed with CCl, (5 

x 50 ml) and dried (50°/0.05 mm). This afforded 18.4 q (81%) of 

pale off-white crystals (dec. ca 240°C). Recrystallization from 

dry DMSO gave colorless crystals, dec. ca 240°C, ir (in nujol) 

3115 cm-? and 1682 cm7! wv (CH,=N-); NMR (DMSO): two weakly broaded 


singlet at 6 = 8.18 and 3.67 ppm in the intensity ratio 1:3. 


Synthesis of 1-dimethylamino-6-methyl-3-heptanone. A heterogeneous 


mixture of dicyclohexylborane (10 mmol) was prepared by the hydro- 
boration of cyclohexene (20 mmol, 1.64 q) in anhydrous tetrahydro- 
furan (10 m1). An azotometer was connected to the reaction flask 
and the mixture was cooled to 5°. The magnetically stirred mixture 
was maintained between +5 and +7° while a solution of 1-diazo-5- 
methy1-2-hexanone (1.0 g, 7.4 mmol) in THF (10 m1) was added drop- 


wise over 30 minutes. Stirring was continued for an additional 30 


a ; : 


7. oan 


" ; _ 
es a eit 


z : en 
; ‘ a Be sie tate ~ | mean 
' : scarier ponies: x a te Gey cia AY ear! sella ‘ 
| ipewcbared> Mtge! tachesem wb wont gata cae Ost) 
ide. @ \Uoteitin Py eyaente ie Tap! Lhe Caper rian 
Ati "any Lr es ’ baba’ "hh a oe) a 
j » aire 1a i is ao 
¢ 1a 7, fates ' 
D 4 } bans me 
; fo ta TN 
| ale. e9 tp Pchcavecant 004 ‘ebay 
I ity Heedn gh'4 ; fj weve hf?) een #) sneha ef 
Pap A \s hal ' ni, w {le 0 
19 aPAL, re i vipat is _ 
on fir? obs af « eR 7 oy OH 
win aare ican ot See) cae Peis) % 04 SE sh no BE 
wesih x9! “r) 30 ns ee 
rad os 
ee ae A | 7 
PUGANANA af wf Lit 3¥a y 3-0 x PEA et me zat 2 Me 
SRA 3A NANI, Sd kan ete AM) > we 
| ‘ iors) aalioyran ny rh histo i. ee L1G. ae sive ya 26 
iad be bed Ba ni) oly inePaapaky .i6 = | 
wighcie aay PD Viisorie re, G1 
¥ . Ay 
. mrath«| Taine aluy 4 hain nes ines a f 
r re ig apr (tm OL vt, o# a 
Sets | ie pene 7 ee raat’ 
. = Tee Lali 


- 37 


minutes after which time nitrogen evolution was quantitative. Then 
a solution of dimethy1(methylene)ammonium iodide (1.85 g, 10 -mmo1) 
in anhydrous dimethylsulphoxide (10 m1) was added. The stirred 
reaction mixture was then allowed to warm to room temperature. 
After stirring at room temperature for 3 hr, the mixture was cooled 
to 0° and aqueous sodium hydroxide (15 ml of a 3N solution) was added. 
The mixture was stirred vigorously for 15-20 minutes, poured into ice- 
water (100 ml) and extracted with pentane (5 x 50 ml). After concen- 
tration of the extract, the residue was extracted with cold (-10°) 
5N HCl (5 x50ml) and the aqueous layer was made basic with a cold 
concentrated sodium hydroxide solution (10N). The basic mixture 
was then extracted with pentane (5 x 50 ml) and the yellowish brown 
residue remaining after concentration of the dried (Na.S0,) extract 
was distilled to afford 1-dimethy1amino-6-methy1-3-heptanone (O;92eGs 
73%) as a colorless liquid, b.p. 57-58/0.7 mn. iy G5 ale | 
(CHC1;) 2870 cm™!, 2780 cm7? (-N-CH,, -N-CH2-), 1710 cm™! (C=0), 
NMR (CDC1;): 6 0.88 (d, J = 5 Hz, 6H) -CH(CH3;)., 1.20-1.73 (broad 
resonance, 3H) Cs and Cs protons, 2.23 (S, 6H) N(CH3;)2, 2.37 (m, 2H) 
C, protons, 2.59 (s, 4H) C, and C2 protons. Mass spectrum m/e: 
cme 17 ele li al 2am GeO eel LIS C120) su58) (100) m Anal ecalcd: 
FOReC wo NOG POse 70-1 2satse l2-s0G) N, O21 Sum hounds (C58 /05385.h, 
Zoos NS 76.25. 

Picrate m.p. 97-98°C. Anal. Calcd. for CigHoyNyOg: C, 48.00; 
Hen6204-oNemic.99 6 founds: °C, 48-1039H,96.133) No. 14201". 
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Synthesis of }-cyclohexy1-3-(N,N-dimethylamino)-1-propanone . This was 


prepared as described above from 2-diazo-1-cyclohexy]-1-ethanone 
(1.22 g, 8 mmol). Distillation afforded the product (0.95 g, 68%) 
as a colorless liquid, bp 83-84/0.6 mm; Np ° 1246742 ir {CHCI;): 
2830 and 2795 cm} (-H-CH;, -N-CH2-), 1705 cm-? (C=0); NMR (CDC1;): 
0.99-2.00 (broad resonance, 11H) cyclohexyl protons, 2.2 (s, 6H) 
NMe., 2.57 (s, 4H), protons at C; and C3: mass spectrum m/e: 183 
(Te Gy sem Sen Glas )ceee4 (80) 003 (5) 55 0e720( 5s me 5O5 (100) eam oon Gla). 
S206) 415) ee Andlar Caled: for Giste Nien Gey oeose Hye tle 55s 
N, 7.43. Found: C, 72.34; H, 11.56; N, 7.64. Picrate: m.p. 119- 
12050. Anal. Calcd. for GisHouNi0,: C0, 49..51< H.65.87>N. 13.59. 
hoUnG- 900.1 49.695 He 5.435 Ny 13.60. 


Synthesis of |-dimethylamino-3-octanone. This was prepared as described 


above from 1-diazo-2-heptanone (1.0 q, 7.4 mmol). Microdistillation 
afforded the product (1.01 g, 80%) as a colorless liquid, b.p. 74.5- 
75°/1.5 mm; np?* 1.4388; ir (CHC13): 2820 and 2780 cm? (-H-CHs, 
-H-CH.-), 1710 (C=0); NMR (CDC13;): 6 0.80-1.80 (methylene envelope, 
GH )eorotons ataGssuGesnG7 9090), cH eCamonOtonsw: 2-con(s.. 0h) 
H(CH,)2, 2.37 (m, 2H) C, protons, 2.59 (s, 4H) C, and C, protons; 
mass spectrum m/e: 171.1617 (calcd. for CyoH2,NO: 171.1623), 172 
KOSA) aml i) (398) cuted (Sino) gay 2e( 72) )ewb0 8 (522)59599( 458) 545851100). 
57 (5.7 )5155) (5.2). “Anal. Calcd. for Ci,HoNO:  C, 70.123,H, 12.36; 
Naecels eaurourndss 1070.00: H.9 12.515 NS Oc23, seh icratess Mpa Ss1=88° . 
Anatmacaicd. for CyctouNaOs: C, 48.005 nH, 6.045°N, 13.99°) (Found: 

Geel oe ce si seOu CaN sul ose) 
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CHAPTER IT 


THE USE OF y-ALKYL(PHENYL)THIOCROTYL CHLORIDE S 
AS "OXO-BUTYL" EQUIVALENTS IN ANNELATION REACTIONS 


INTRODUCTION 


The Robinson annelation reaction®»?+s!° js a particularly powerful 
synthetic tool for the construction of six membered ring systems. In 
this reaction, ketones are condensed in a two stage base catalyzed 
process with an a,f-enone, as illustrated for methyl] vinyl ketone 


(MVK) according to scheme II. 


Scheme II 
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Among all the known methods for the synthesis of fused hydro- 
aromatic ring systems, the Robinson annelation reaction holds a 
position of particular importance, since virtually all the successful 
total syntheses of natural non-aromatic steroids (and many other 
polycyclic natural products) have relied on this reaction at some 


stage. 
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As early as 1936, Robinson and his collaborators ® pointed out 
that the reaction sequence could theoretically be used to build up 
the rings A, B, and C of the steroid skeleton, each stage of the 
cyclohexanone constructed being followed by reduction. Robinson 
proposed that, starting from a methylcyclopentanone derivative 
(ring D), the addition of ring C would require methyl] vinyl ketone, 
then ving B is added by means of ethyi vinyl ketone, and ring A 
with methyl viny? ketone again. This proposal is represented 
schematically by dissection of the steroid skeleton into four 


major units as illustrated by structure 34. 


Applying of this sequence of reactions in the opposite 
direction (i.e. starting from the A-B ring system) , Robinson and 
his collaborators®! had produced a key tricyclic intermediate 35 and 
the completion of the fourth ring D to produce the estrone structure 
36 appeared imminent. But there were still problems to overcome, and 
not until a dozen years later, and after many contributions from 


various laboratories were made, that the final goal was achieved. 
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These extraordinary difficulties detering the total synthesis of 
this molecule with four asymmetric centers were mainly stereochemical 
in nature. 

Although the Robinson annelation provides a direct route to 
fused ring ketones (eq. 32), the application of this method to cyclo- 


hexanones such as 2-methylcyclohexanone®? has proven to be generally 


O 
0 @ 
ige (CH; ) 3NCHCH,COCH; 
aie teckel aa eS 
CH,0 base CH0 


unsatisfactory. For example, the Robinson synthesis of 10-methy1- 


(32) 


(85%) 


1(9)-octalone-2 (39)® and variations thereof®? proceeds in low 


yield, requires a two or threefold excess of 2-methylcyclohexanone® 


and affords a product of questionable purity®*® (eq. 33). 
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1 
base 


® 
us (CH3) 3NCH2CH2COCH; — + polymers 


(33) 
37 38 39 (38%) 


The difference between these two cases (eq. 32 and 33) lies in 
the nature of the saturated ketone. In the first example (eq. 32) 
the hydrogen lost during enolization of the ketone is more acidic 
than that of 2-methylcyclohexanone. Therefore milder reaction 
conditions are required for the enolization step, resulting in 
less complications and hence a higher yield of adduct. 

Basically, there are two main problems associated with using 
relatively weakly acidic cyclohexanones (which are not a-substituted 
with electron withdrawing groups). Firstly, the vigorous reaction 
conditions required for enolization may also affect the polymerization 
of the Michael acceptor. Secondly, the similarity in base strengths 
and reactivities of the enolate ion derived from both the starting 
material and adduct may tead to several competing reactions and 
subsequent polymerization (scheme III). 

One method to diminish the effect of the first problem (namely, 
polymerization of the a,8-unsaturated ketone) is to employ a precursor 
that will slowly generate the Michael acceptor under the basic 
reaction conditions. In this manner only low concentrations of 


the enone are present at any given time, and polymerization is 


suppressed. Precursors which have been found effective are the 
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Scheme III 
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polymerization 


methiodide 38 and the a-chloroketone®***? 43. This modification 
appears quite satisfactory for relatively acidic ketones (eq. 32, 34) 


but not for simple cyclohexanones where other side reactions prevail. 


base 
Oe CICHSCHACOCHS) = == (34) 
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For systems which are even less acidic than simple cyclohexanones 
(eq. 35) the direct reaction (using MVK) or the modified one is 
virtually futile. Woodward and co-workers®® experienced this 
difficulty as they endeavoured construction of ring A of cortisone 
using intermediate 44. Woodward explains that the hydrogen at C-10 
is only weakly activated due to interaction of the amine group with 


eas is 
the carbonyl, viz, O=CRC=C-NT . 


“ ‘Ox ZN 


(35) 


Consequently, strongly basic conditions were required for 
generating the corresponding anion, and this resulted in polymeri- 
zation of methyl vinyl ketone. This difficulty was overcome by use 
of the Fujimoto reaction,®®2°’s°° wherein the 4-carbon chain is 
introduced sequentially. This procedure involves initial a-alkylation 
of the ketone by an acrylic acid equivalent (usually acrylonitrile) 
followed by enol lactonization, then opening the enol 6-lactone with 
a methyl Grignard reagent and finally cyclization of the 1,5- 


diketone (eq. 36). 
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Tn the past two decades many modifications of the original 


Robinson annelation reaction have been introduced. These modifications 
can be classified into two major categories. One category attempts 

the improvement of the first stage of the Robinson annelation, namely 
the Michael reaction. The other category explores the use of "masked" 
keto alkyl equivalents in annelation reactions. 

The efficiency of the Michael addition can be improved either by 
increasing the reactivity of the parent ketone or by employing certain 
a-substituents in the Michael acceptor which can stabilize the resulting 
enolate, thus preventing polymerization of the Michael adduct. One 
simpie method of increasing the yield of annelation product is to 


incorporate an a-activating group in the Michael donor. The acidity 
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of the a-hydrogen is thereby enhanced, and the addition takes place 
more efficiently. For example, in the case of cyclohexanone, the 
desired octalone was obtained in 50% overall yield by first converting 
the ketone to 2-carbothoxycyclohexanone?°>7° (eq. 37), whereas 
without this modification,?° the octalone ee cetarted in only 10% 
yield. | 


(37) 
CO2Et 


i CO2Et 
os 
SO ; 0 


Similarly, the use of a pyrrolidine enamine avoids the problems 
of polyalkylation,*®° although, like the previous example, it is not 
applicable to the annelation of alkylcyclohexanones at the a-substituted 


site (eq. 38). 


ee 


(38) 


VW 


Recently, Stork and co-workers’? examined the possibility of 
employing a-substituted vinyl] ketones of the type 47 in which the 
substituent X would be capable of stabilizing the resulting enolate 


48, thus preventing polymerization of the Michael adduct. 
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0 0 
X = 
i) Nu7 
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47 48 


a-Silylated vinyl ketone 47 (X = (CH;)3Si) was chosen as the 

Michael acceptor for two reasons: a) an expectation that silicon, 
with its vacant 3d dorbitals, can stabilize an adjacent negative 
charge;’* and b) that the stabilizing Si-group would be easily 
removed during completion of the annelation process. Thus the 
lithium enolate of cyclohexanone, when reacted with 47 at -78°C, 
gave the adduct 49. Treatment of 49 with 5% sodium methoxide- 
methanol resulted in cleavage of the "stabilizing" group and cycli- 


zation to the desired octalone in 80% overall yield (eq. 39). 


(CH; )3Si 
47 ss MeOH Ss (39) 
0 


49 


OLi 


In subsequent publications Stork and co-workers’*® and Boeckman’*?’® 
demonstrated that methyl-a-trialkylsilylvinyl ketones can be condensed 
with regiospecifically generated lithium and copper enolates. This 
development has important implications for the total synthesis of 
steroids as well as for certain octalones which are not easily 


obtainable otherwise. 
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Another interesting modification of the Robinson annelation 
reaction involves the use of acid, rather than base, as a catalyst 
for both the Michael and aldol stages of the sequence. Heathcock 
and Ellis’® showed that the annelation can be carried out directly 
with methyl vinyl ketone in the presence of sulfuric acid. Similarly, 
Zoretic and co-workers’’ reported the use of 8-chloroketones and B- 


hydroxyketols as the "Michael acceptors" (eq. 40). 


32-52% 


However, the generality of this approach cannot as yet be 
assessed as only few examples have been reported to date. 

The use of "oxo-butyl" equivalents?7 2189795898! in the 
Robinson annelation has become increasingly important in recent 
years. Although this strategy appears in a variety of forms, 
these annelations are characterized by two common stages. The 
first involves alkylation of an enolate with a "masked ketoalky!" 
reagent*’” and the second involves “unmasking" of the keto group 
followed by intramolecular aldolization of the 1,5-dicarbonyl] system 
(Scheme IV). 

The first example of such an approach is the Wichterle 
reaction’®*17219»529 which involves alkylating an enolate with 1,3- 


dichloro-2-butene. For example, Marshall and co-workers!” used 
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this scheme to introduce the required four carbon chain by alkylating. 
the enolate of 2-methylcyclohexanone. The resulting vinyl chloride 
was then hydrolyzed with concentrated sulfuric acid to form a 1,5- 
diketone which was subsequently cyclized to the corresponding octalone 


(eq. 41). 
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Unfortunately, the conditions required for the hydrolysis of 
the 2-(y-chlorocroty]l)cyclohexanone often result in the formation 
of bicyclo[3.3.1]nonane derivatives as by-products. In fact, 
2,6-dimethylcyclohexanone gave only the bridged bicyclo compound 
when subjected to the above procedure. Moreover, the initial 
alkylation step in this system is not a regiospecific process 
because of enolate equilibration, etc, as discussed éarlier. 

Soon afterwards Stork and ‘co-workers?® developed a rather 
lengthy procedure which overcomes the shortcomings mentioned in 
Marshall's scheme. In this approach, the active methylene compound 
is alkylated with chloromethylisoxazole derivatives and the product 


is reduced and annelated as indicated in equation 42. 


(42) 


oH (50%) 


During and since completion of the work done in this thesis, 
two new methods have been described.®°°*! In the first, Stork 
and Jung®® investigated halomethy] vinylsilane 93 as an alkylating 


agent in annelation reactions. This strategy was based on previous 
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observations that vinylsilanes are readily transformed to carbonyls 


via epoxidation to an epoxysilane followed by acid treatment (eq. 43). 


I 
CY 1 (43) 
2 0M i (Me), x. SiMe 
53 54 
sq MCPBA 


Si(CH3)3 


The main drawback of this approach lies in the fact that it 
tnvolves a multi-step preparation of the alkylating agent; neverthe- 
less this scheme is successful in obtaining high yields of various 
octalones. 

Stotter and Hill®’ have also introduced an interesting variation 
of an "“oxo-buty1" equivatent (eq. 44) by employing y-iodotiglate 55 
as the alkylating agent. Although this approach provided the enones 
in relatively high yield, it involves lengthy procedures both for 
the preparation of the required halide and in the “unmasking" process. 

The anne lation of ketones via “oxo-butyl equivalents" as 
alkylating agents has attracted our attention for some time. We have 
sought to develop an alternative to the Michael—Robinson process 


which would: a) provide a ketoalky] equivalent from readily available 
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Cy 
/\ con 5 steps Sa 


pice! 7 cere a (44) 
+0,c“~~ 0 
» (90%) 
ae A __4 steps ae 
BtOste~ 
(80%) 


starting materials; b) be reasonably reactive toward regiospecifically 
generated enolates; and c) aliow for readily “unmasking" into the 
required carbonyl function. 

With these considerations in mind, y-alky1l(pheny1)thiocroty] 
chloride systems appeared to be attractive candidates for this reaction. 
As allylic halides they offered promise of high reactivity in alkylation 
of structurally specific enolates (thereby reducing the normal complica- 
tions mentioned previously). Furthermore, the several procedures for 
the hydrolysis of vinyl? sulfides described in the literature®*°°?>8 
made this choice especially attractive as this method would not be 
limited to one particular route for unmasking the desired ketone. 

We have therefore prepared and studied the alkylation reaction 
of alkyl(phenyl)croty] halides with several regiospecifically generated 


enolates. Subsequently, we investigated different routes for releasing 


the "masked" carbony] and the cyclization to the desired octalones. 
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RESULTS AND DISCUSSION 


Preparation of y-pheny1(n-buty1) thiocroty] chlorides 


The route selected for the synthesis of the 3-ketobutyl equivalent 


is illustrated in scheme V. This scheme appeared attractive since it 


Scheme V 


‘ : RS 
| 
CH,CCH,COEt —--———_—-> CH;C=CH-CO,Et ——_-_——_-» CH;C=CHCH,0H 


2) 54 


RS 
Hse =cH-clact 
aS) 
R = n-C,Ho, CeHs 


utilizes a readily available starting material and involves only three 
steps. Also, if successful, it offered the possibility of simple 
extension to the synthesis of other 3-ketoalkyl equivalents via 


dianion alkylation,?! viz., 


RS 
\ = = 1 a Lo 
CH5CCHCO.Et ——> CH.CCHCO,Et ———> R Bee EI — > RCH.C=CHCH,C1 
UH 
0 0 
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Initially, the vinyl sulfide 55 was prepared according to the 
procedure of Vernon and co-workers,°° who reported that ethyl 3- 
chlorocrotonate undergoes relatively rapid nucleophilic displacement 
of halogen with the sodium salt of alkyl and phenylthiols. However, 
the preparation of ethyl 8-chlorocrotonate was rather inefficient. 
It was originally obtained by reacting ethyl acetoacetate with two 
equivalents of phosphorous pentachloride, followed by hydrolysis 
to give 8-chlorocrotonic acid. This was esterified (EtOH, H*) in 
a separate step, resulting in a 30% overall yield. We modified 
this procedure by quenching the reaction mixture of ethyl aceto- 
acetate and phosphorous pentachloride with excess cold ethanol. 


This gave directly ester 55 in about 55% yield (eq. 45). 


OTe eee Cl oSNa aa 
CHReCHRG CE te "= Gi, GHeCOEt = CHC=CH-C-OEt (45) 
2. EtOH 


55% 55 (85%) 


Subsequently, a direct and simpler preparation of 55 was 
investigated. Ethyl acetoacetate, one equivalent of benzenthiol, 
and a catalytic amount of P-toluenesulfonic acid was refluxed in 
benzene (10 hr) with azeotropic removal of water. This afforded 
the desired ethyl B-phenylthiocrotonate in 63% as well as dipheny] 
thioacetal, 56, in 29% yield, easily separable by distillation (eq. 
46). Vinyl sulfide 55 was shown (by ir and nmr spectra, see 
Experimental) to be a mixture (50:50) of the E and Z isomers ee 


isomer, b.p. 127-129/1.5 mm, E isomer, b.p. 134-136/1.5 mm) . 
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‘i se 
CH, CCH» CO,Et ————-s> CH,C=CHCO.Et + CH;CCH.CO2Et (46) 
55 (63%) 56 (29%) 


However, when this reaction was repeated with the next higher 
homolog, (from methylation of acetoacetic ester dianion?!) three 
products were formed (eq 47). On the basis of spectral data (see 
Experimental) these were shown to be the 8,y- and a,8-unsaturated 


esters 5/7 and 58 respectively, as well as diphenylacetal VEE Sihike = 


0 oS oS 
I ] ] 
CHyCH2CCH2CO2Et ————> CH;CH=CCH.CO.Et + CH3CH2C=CHCOQEt (47) 
(ca 30%) 57° (ca 30%) 58 
| 5S 
Oo pe 


\ 
+ CH3CH2CCH2CO,Et 
(15%) 59 


this resulted in a mixture of two positional isomers, this approach 
was discontinued. Other results of this study are given in Table IV. 

After completion of this work, Mukaiyama and co-workers °? 
recently observed that diphenylthioacetal 61 (prepared from 8-keto- 
ester 60 and benzenethiol), when heated to 110°C in the presence of a 
catalytic amount of ZnCl2., eliminated benzenethiol to form esters 62 
and 63 (eq. 48). Also, compound 63 could be isomerized to 62 (in 


unstated yield) on treatment with potassium tert-butoxide in tert- 
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oS So 
SH, AcOH, H 
SON rr d C Cle A Come Zila (48) 
0 


60 61 


$s ~~ C02Me Lb 


62 (31%) 63 (20%) 


butyl alcohol. Should Mukaiyama's isomerization prove to be an 
efficient procedure, the dianion route would then become a practical 
alternative route to 3-ketoalkyl equivalents. 

Another approach to the synthesis of phenyl] thio-a,f-ethylenic 
ester derivatives is the base catalyzed addition of thiolate anion 


92593594 595 


to a,f-acetylenic esters. This has been used as one step 


in a recent synthesis of a C,,-juvenile hormone analogue (eq. 49). 
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This route became potentially attractive especially after the 
recent development of a new propargylation reaction in our laboratory.°° 
Calzada has demonstrated that dilithiation of allene produces a species 
"C3H2Li2" which serves as an anionic propargylating reagent, 
"LICH,CSCLi". This can be utilized for a "one pot synthesis" of 
either propargyl alcohols or esters. For convenience, the model 
selected for conjugate addition of benzenethiol was the product of 
benzylation (CgHsCH2C1) and subsequent in situ carboethoxylation 


of the "propargy] dianion" (eq. 50). 


cH,=C=cH, —2BuLT  Lichacecr; —CeHsCHeCl gc cHocect; LE UeOzEt, 
@CH2CH2C=C-CO2Et (50) 


(80%) 


In our hands, however, attempted base catalyzed addition of 
benzenethiol to ethy]? 5-phenyl-2-pentynoate resulted in a mixture 
of the two positional isomers (as evidenced by nmr and ir spectroscopy, 
see Experimental). Again, should the isomerization to the a,8- 
ethylenic ester prove to be practical, this alternative route is 
potentially useful for the synthesis of 8-alkyl(pheny1) thio-a,8- 
ethylenic ester derivatives. Since these compounds are homologs of 
ethyl] B-phenyl(alky1)thiocrotonate, they can be employed in the 
synthesis of l-alkyl-A!:°-2-octalones, which, of course, extends 
the scope of the octalone synthesis. 

Next, several methods for the reduction of B-pheny1(n-buty1)- 


thiocrotonates to the corresponding alcohols were examined. 
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Lithium aluminum hydride (LAH) nyaveders be unsuitable since the 
reaction between ethyl 8-phenylthiocrotonate (THF, 20°) and LAH 
afforded only poor yields (ca 10%) of the desired alcohol, 3-phenylthio- 
2-butene-l-ol, and benzenethiol was formed in significant amounts. The 
benzenethiol presumably arises by an addition-elimination reaction. 
Analogously, Posner and Brunelle?® have shown that ethyl 8-pheny]thio- 
crotonate undergoes a similar reaction with "nucleophiles" such as 


dialkylcopper lithium reagents to afford B-alkyl crotonates (eq. 51). 


Me. CuLi 
ee 2 ——— anrae 
0 
(80%) 


Subsequently, diisobutylaluminum hydride (DIBAH)?%>!9°>s!9} 


102=105 (on-nucleophilic reducing agents) were 


and aluminum hydride 
employed. The reduction with DIBAH was carried out in benzene, ether, 
and THF as solvents. The yield of alcohol progressively increased 
with increasing polarity of the solvents (Table VI). Nevertheless, 
the highest yield recorded was only 70%. 

Aluminum hydride in ether prepared by Schlesinger's method*°® 
(eq. 52) produced an 80% yield of the desired alcohol. Based on the 
DIBAH study, it was anticipated that the yield might be further 


improved in THF. Aluminum hydride in THF was then prepared by 
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modifying the Schlesinger procedure.!°5 Instead of directly adding 
aluminum chloride to a suspension of LAH in THF (an extremely 
exothermic reaction) the reagent was prepared by adding a preformed 
aluminum chloride-THF solution to a suspension of LAH at 0°C. The 
resulting mixture proved highly effective for the reduction (eq. 53) 


and yields of 90 - 97% of alcohols (as E- and Z-mixtures) were 


obtained. 
RS RS 
| 
fie =e coset es ec = Hoc on (53) 
Ves ihe cy 
Res 


n-Bu 95 - 97% 


The conversion of the allylic alcohols to the corresponding halides 
was anticipated to be a difficult step because such conversions are 
often accompanied by allylic transposition. Therefore, several recent 
mild procedures were investigated which have been shown to overcome 
this difficulty. 

Meyer's method?®® involves treatment of an allylic alcohol in 
s-collidine with lithium chloride in dimethylformamide, followed by 


addition of methanesulfony] chloride at 0° (eq. 54). 
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In our system, however, this approach was unsuccessful. The 
infrared spectrum of the crude mixture lacked absorption at 1255 cm7! 
(diagnostic of y,y-disubstituted allylic chlorides!?1) and had 
absorptions at 1715 cm-’ and 1680 cm™! (possibly MVK and 4-chloro- 
2-butanone) and 925 and 975 cm? (vinyl). The nmr spectrum also 
confirmed the absence of the anticipated allylic halide (no methylene 
absorption in the 6 4.3-4.0 region). 

This suggested that the rearranged tertiary halide had formed, 
and by-products like MVK (and 4-chloro-2-butanone) could derive from 


hydrolysis of the tert-halide during work-up (eq. 55). 


oS oS 0 


ae ea ol hydr. 


The next attempt involved reaction of tri-n-butylphosphine with 
a carbon tetrachloride solution of the allylic riliele| al Pon Gir 
These conditions have been used to convert a variety of primary, 
secondary and allylic alcohols to halides without allylic transposition 


(eq. 56). In our system, however, this produced a mixture of products 


R3P + CCl, + ROH -——=>R'Cl + R;PO + HCCI; (56) 


of which the primary allylic halide was the major component (eq. 57). 
The ir spectrum showed absorption at 1255 cm7! (diagnostic of y;y- 
disubstituted allylic chloride)!?! but the smal] band at 925 cm™’ and 


the shoulder at 1645 cm™! indicated the presence of traces of tertiary 
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6s es (57) 
] CCl 4 oS Cl 

CHsC=CHCH,OH + n-Bu+P —<'s 3. CH,C=CH-CH2C1 + aim + n-Bu+-P=0 

3 3 


major 


chloride. The nmr spectrum (CDC1;) showed absorptions for a vinyl 
methyl as a broad singlet at 6 1.83, a methylene group as two sets 

of doublets at 6 4.05 and & 4.35 with J = 7.5 Hz (mixture of E and 

Z isomers) .and vinyl proton absorption as a multiplet (two overlapping 
triplets) at 6 5.4-6.1. Removal of the by-product, tri-n-buty1phos- 
phine oxide, by trituration with pentane (-78°), and filtration 
proved difficult, and the crude mixture was sensitive to heat or 
column chromatography. Distillation (Kugelrohr, b.p. 72-78/0.025 mm) 


produced diene 64 in low yield (ca 30%) . The nmr spectrum showed only 


£ 
CRT OS 


64 


aromatic and olefinic proton absorptions at 6 7.35 (m, 5H), 6.68 and 
6.35 (d, J = 10 Hz, 2H), 5.85 to 5.08 (M, 3H) and the mass spectrum 
showed a molecular ion of 162 (calcd. 162). 
Tris(dimethylamino)phosphine has also been used for this purpose’°®, 
and has the advantage that the by-product, HMPA, is water soluble and 
thus easily removed during work-up. However, this reagent combination 
proved too reactive in our system. Reaction of 3-pheny1thio-2-buténo] 


with tris(dimethylamino)phosphine in carbon tetrachloride at -20 was 


very exothermic and resulted in a complex mixture of products. 
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The use of thionyl chloride as the halogenating agent was next 
investigated. Young'*® has shown that reaction of y-methylally] 
alcohol with thionyl chloride in dilute ether solution gives 
exclusively the secondary allylic chloride (eq. 58). In the presence 


Me -C=CH-CH,—OH + Soci, —Cthems me—cH-cH=cH, 
| 


Cl 


(58) 
(100%) 


of tri-n-butylamine, however, a mixture of the a- and y-methylallyl 
chlorides is formed. Similarly, y,y-disubstituted allylic alcohols, 
for example Gone undergo allylic transposition to an appreciable 
extent when subjected te thionyl chloride in the presence of tributy1- 


amine. 


On this basis it was anticipated that thionyl chloride would 
transform allylic alcohoi 54 into 3-chloro-3-phenylthio-1-butene, the 
rearranged tert-halide. This compound could also conceivably serve 
as an oxobuty] equivalent by undergoing nucleophilic substitution 
via an Sy2' type mechanism'’?»'*? according to scheme VI. 

However, the reaction of 3-phenylthio-2-butanol with thionyl 


chloride in ether resulted in formation of a mixture of products 
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Scheme VI 
Nu: + 9S C1 o> 
a = on hydr = 


Nu M 


of which the primary halide was the major component. Repetition of 
this reaction in the presence of one equivalent of tri-n-butylamine 


produced the primary halide as the sole product in excellent yields. 


(eq. 58). 
RS RS 
u _ | 
CHy—G=CH—CHy—oH _SOCT2/n-Buy.N  cHy—C=CH—CHe—Cl (58) 


ether 


(R = , n-Bu, 85-95%) 


Thus, the conversion of ethyl acetoacetate to y-pheny1(n-buty1)- 
thiocrotyl chloride was accomplished in three facile steps in an 
overall! 50% yield. These halides were utilized as alkylating agents 


toward various cyclohexanones, as described in the following chapter. 
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A Study on the Alkylation of Cyclohexanones with y-pheny1(n-buty1)- 
" thiocrotyl chloride 


The annelation of cyclohexanone derivatives with MVK or various 
3-ketoalkyl equivalents is an important route to fused polycyclic 
systems. . Generally, in any annelation scheme involving a "masked" 
ketoalkyl halide, one has to deal first with the regioselectivity 
of the alkylation step. Marshall’’, for example, was confronted 
with this problem in the alkylation of 2-methylcyclohexanone with 
1,3-dichloro-2-butene (DCB) using sodamide in benzene. This approach 
led to a mixture containing 80% of the 2,2-isomer and 20% of the 
256-isomer (eq. 41). Evidently, sodium enolates undergo rapid 
proton transfer, and are unsuitable for alkylation of unsymmetrical 


ketones." 


Lithium enolates, on the other hand, undergo a relatively 
slow equilibration, rendering them more useful for regiospecific 
ateVilationSs. 28 

Initially, the alkylation of a symmetrically substituted ketone, 
2,6-dimethyicyclohexanone was studied in order to establish appropriate 
reaction conditions. Being aware that the hydrolysis of the viny] 
sulfide group of the inonoalkylated ketone may possibly pose diffi- 
culties,?15 the alkylation reaction was investigated with both an 
aryl- and alkylthio halide: y-phenylthiocroty!] chloride and y-n- 
butylthiocroty] chloride. The lithium enolate was generated in DME 
at ca 0° using lithium diisopropylamide as a base following the 
alkylation procedure recommended by House?° for the reaction of 
cyclohexanone with reactive halides (e.g. methyl iodide and benzyl] 


bromide). The enolate solution was then warmed to Sloe Teele aaa) 
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addition of the alkylating agent. The course of the alkylation 
reaction was monitored by glc analysis at time intervals of 30 min, 

2 hrs and 10 hrs. It was observed that the alkylation with both 
halides was much slower in comparison with a reactive halide (benzy] 
bromide) under identical conditions. For example, while the alkylation 
with benzyl bromide gave 65% of monoalkylationin 2 min, the reaction 
with phenyl(n-buty]l)thiocroty] chloride yielded only 45% of the 
corresponding products in two hours and the reaction was not complete 
even after 24 hours (63% of phenyl analog, 60% of the n-butyl analog). 
Evidently, the phenyl(n-butyl)thio unit acts as a deactivating group, 
resulting in a suppressed reactivity. 

Repetition of the reaction at elevated temperature in order to 
enhance the rate of alkylation led to a complex mixture of products 
and reduced the yield of the desired alkylate (Table VII entries 1 
and 4). 

An alternative way of enhancing the reactivity of the alkylating 
agent is to use a better leaving group (i.e. I instead of C1). 
However, an attempt to prepare y-phenylthiocrotyl iodide via a 
Finkelstein reaction merely resulted in appreciable decomposition of 
starting material. To circumvent this difficulty, the iodide was 
generated in situ. Thus, the addition of an equivalent of lithium 
jodide to a solution of the enolate prior to addition of the alkylating 
agent increased the yield of the monoalkylated product from ca 60 to 70% 
(Table VII, entries 1, 6). Moreover, 24hr were required in the case of 
the chloride to produce a 63% yield, whereas the iodo derivatives gave, 


after 1 hr, a 73% yield of the desired product. 
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A similar observation has been made subsequently by Stork®® and 
Stotter.°* For example, allyl chlorides such as y-chlorotiglates, 
which were used by Stotter as "masked" ketoalkyl equivalents, were 
effective alkylating agents for enamines but not for lithium enolates. 
In contrast, the corresponding iodo analogs gave monoalkylated 
products in excellent yield either with enamines or lithium enolates. 

Since the iodide was considerably more reactive than the chloride, 
the reaction was repeated at lower temperatures in order to minimize 
decomposition of the halide. Indeed, at lower temperatures, higher 
yields of the monoalkylated product could be obtained (Table VII, 
entries 10-13). Nevertheless, even under the most favourable reaction 
conditions examined, the crude alkylation mixture always contained 
varying amounts (up to 10%) of the starting ketone. 

Recently, C.A. Brown®’ reported that potassium hydride is 
exceptionally reactive toward ketones. In ether solvents, potassium 
hydride vigorously metalates a wide range of ketones with little or 
no selfcondensation or reduction. For example, 2,4-dimethy1-3- 
pentanone, when reacted with KH in THF at 20°, formed the potassium 


enolate in quantitative yield in 10 min (eq. 59). 
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We therefore explored the use of potassium enolates in our 
system. Since their preparation is much Simpler than that of the 
corresponding lithium enolates, and because of their greater 
reactivity, the alkylation reaction could be carried out at lower 
temperatures. Surprisingly, however, the reaction of y-n-butyl- 
thiocroty! chloride with the potassium enolate of 2,6-dimethylcyclo- 
hexanone at 0° was even more sluggish than with its lithium analog, 
and led to a complex mixture of products containing less than 50% 
of the desired alkylated ketone. Alkylation in the presence of 
15% HMPA with n-butylthiocrotyl chloride was even more complex and 
clearly inferior to the reaction with lithium enolates. 

Having established favourable conditions for alkylation of 
2,6-dimethylcyclohexanone, the reaction with an unsymmetrical case 
was investigated. 2-Methylcyclohexanone was used as a model, in 
an attempt to independently alkylate at either of the two a positions. 

The enolate of the less substituted a-site was easily prepared 
under conditions of kinetic control with lithium diisopropy] amide 
as a base.33 The addition of y-phenylthiocrotyl chloride to the 
enolate in DME (with Lil present) afforded the monoalkylated product 


66 in 85 - 87% yield (eq. 60). 
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The positional isomer 68 was prepared by first transforming the 
ketone into enol acetate 67 which in turn was treated with methy1- 
lithium as base. The alkylation proceeded smoothly and an 85% yield 


of the desired product was obtained (eq. 61). 


0 COCH, 


nea y =e ® (61) 


— — 


S-C=CH-CH2C1 
| 
CH; 


69 (85%) 


The results for various ketones are summarized in Table VIII. 

The NMR spectrum (CDC1;, 100 MHz) of 69 indicates, as expected, 
that the product is a mixture of cis and trans isomers. The angular 
methy! group appears as two sharp singlets at 6 1.10 and 6 1.08, and 
the vinyl protons at 6 5.84 - 5.62 show as two overlapping triplets. 
The remaining adsorptions are: 6 1.9 - 1.6 (m, 8H) methylene protons; 
broad singlet at 1.95 for vinyl methyl protons; the allylic absorption 
appears as a broad doublet at 2.5 - 2.27 (J = 6 Hz), and the aromatic 
protons exhibit absorption at 6 7.3. 

In similar systems which contain one isomer only, the angular 
methyl] appears as a singlet. For example, compound 70'72°? (prepared 


from Z-1 ,3-dichloro-2-butene) exhibits methyl] absorption at 6 1.07 as 
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Preparation of 2-[y-phenylthiocroty1 Jcyclohexanones 
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a singlet. Analagously, the anqular methy] of 80 appears as a 
singlet at 6 0.98. 

In the NMR spectrum of 66 (CDC1;, 100 MHz) the absorption of the 
6-methyl group appears as two doublets at 6 1.15 - 1.07 and 1.07 - 
1.00 with J = 6.5 Hz. The presence of the two doublets is probably 
due to the cis and trans configuration of the double bond. A 
similar situation was observed in 69.where the angular methyl] appears 
as two sharp singlets instead of one. The remaining NMR absorptions 
were consistent with the proposed structure. 

In an attempt to extend the scope of the alkylation reaction, 
a brief study was conducted on the alkylation of copper enolates. 

Conjugate addition of organocopper reagents to 2-cycloalkenones 
leads to a specific enolate which is regiochemically stable. Recently, 
these intermediates have been successfully alkylated with several 
reactive halides (methyl iodide, benzyl bromide, ally! chlorides, 
etc.)21®"!19 and were also shown to undergo regiospecific Michael 
reactions with a-silyl-MVK derivatives.73297%75 

In the present study the copper enolate was prepared by the 
conjugate addition of lithium dimethyl] cuprate or polymeric methyl] 


copper (I) to 2-cyclohexenone. Attempts were made to trap this 
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enolate with y-phenyl(n-buty1)thiocroty1l chloride in ether, DME, or 
- THF-HMPA solvent systems. In all these trials a complex mixture of 
products resulted in which the desired compound was obtained in less 
than 30% yield. Moreover, attempts to activate the system by employing 
complexing agents like dimethyl sulfide or excess lithium iodide 
proved ineffective. Apparently copper enolates are insufficiently 
reactive toward the thiocroty] halide system. 

One way of POren eT MenrcVentine this lack of reactivity is 
to trap the initially generated copper enolate as a trimethylsily] 


U7 


enol ether, and subsequently regenerate the more reactive lithium 


: 5 5 » 27 
enolate from this derivative.°2°? 


If successful, the scope of the 
alkylation would be extended beyond those cases in which only a- or 
o,a'-substituents flank the carbonyl. Thus, conjugate addition of 
lithium dimethyl cuprate to cyclohexenone, followed by quenching 


with trimethylsilyl chloride produced enol silyl ether 72 in 77% 


yield (eq. 62). The lithium enolate was generated by treatment with 


0 OCu OSiMe 3 
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Me»CuLi C1SiMe; (62) 
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methyllithium and this was alkylated (under conditions established 
previously) with y-phenylthiocrotyl chloride. This afforded 2-[y- 
pheny1thiocroty1 ]-3-methylcyclohexanone in 90% yield. 

Having accomplished the alkylation of several representative 
ketones, we were left with the final task of “unmasking" the carbonyl] 


group and cyclization of the dicarbonyl system to the desired 


octalones. 
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A Study on the Hydrolysis of 2-[y-pheny1(n-buty1) thiocroty1] ]cyclo- 


hexanone derivatives 


The hydrolysis of vinyl sulfides to ketones has usually been 
errectcd under rather drastic acidic conditions.°°°°° Recently, 
however, two mild hydrolysis procedures have been reported. Corey 
and Shulman®* have shown that mercuric chloride in aqueous aceto- 


nitrile affords high yields of pure ketone (eq. 63), and subsequently, 


Mukaiyama and co-workers®? have shown that titanium tetrachloride in 


o. SCH, 0 CH, 


— a "oot 
CG HgCl2 S ¢—C-—CH-9@ (63) 
eo SS 
CH; hy 


CH_CH/H,0 


various solvent systems readily hydrolyzes vinyl sulfides to the 


corresponding ketones in high yields (eq. 64). 


Y ao TICl, Tenis 
Venn rar ec Chae (64) 
a ~ 
ate < CH,CN/H,0 
(92%) 


Strong acid was to be avoided in our system, since analogous 
1,5-dicarbony] systems are known to preferentially cyclize to 
undesired bridged bicyclics.179!7* Therefore several mild 


hydrolysis procedures were investigated. 
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Mercuric chloride produces two equivalents of hydrochloric 
acid during the hydrolysis of vinyl sulfides. In order to decrease 
the acidity of the media, the reaction of 2 ,6-dime thy 1-2-[y-pheny1- 
thiocrotyl ]cyclohexanone with HgCl2 was attempted in the presence 


12:5 


of bases and thiol scavengers such as: mercuric oxide, cadmium 


carbonate, and calcium carbonate. However, all these combinations 
of reagents proved entirely ineffective. Similarly, addition of 
"proton sponge", 1,8-bis-(dimethylamino)naphthalene, was without 
effect. No reaction took place even after refluxing for prolonged 
periods of time, and in all these attempts the starting materials 
were recovered quantitatively. 

if Even without additives, the phenyl vinyl sulfide, when treated 
with mercuric chloride in Brean acetonitrile, failed to undergo 
hvdrolysis after 40 hr at reflux temperature (eq. 65). Similarly, 
2-methy1-2-(y-phenylthiocroty!)cyclohexanone remained unchanged 
under these conditions. 

In contrast to the above observations with the phenylthio 
derivative, the n-butylthio analog of 2,6-dimethyl cyclohexanone was 
hydrolyzed in excellent yield using mercuric chloride in aqueous 
acetonitrile (room temperature, 40 hr). Instead of the anticipated 
dicarbony] compound, however, the bridged bicyclic, 1,2,5-trime thy 1- 
bicyclo[3.3.1]non-2-en-9-one, was isolated in 90% yield (eq. 66). 
Interestingly, mercuric chloride-aqueous acetonitrile failed to 


hydrolyze this vinyl sulfide when one equivalent of calcium carbonate 


was added. 
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N.R. (65) 
oS 0 CH,CN-H,0 
nBu-S CH;CN-H,0 


(90%) 


The dramatic difference in reactivity between the phenyl and 
the n-butyl analog may be the result of the diminished basicity 
of sulfur in the phenyl derivative due to electronic effects 


(inductive and/or resonance). 


However, it is known that certain phenyl vinyl sulfides hydrolyze 
with HgCl. whereas others do not. For example, Trost and co-workers!?5 


have observed that whereas compound 75 was readily hydrolyzed with 
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mercuric chloride in hot aqueous acetonitrile (eq. 67), compound 
76 was not. Apparently, rather subtle factors are operative, 
requiring different methods to achieve hydrolysis. Compound 76, 


for example, could be hydrolyzed with TiCl, (eq. 68). 


CH =C—CH 
ree eos HaCl, 0 (67) 
oS pea ae ace CH» CCH; 
75 (85%) 
0 
| 
Ne ZB 


Mercuric chloride has been shown to hydrolyze both thioacetals 
and vinyl sulfides.°3*!25 This prompted an examination of several 
reagents which were also shown to be effective for the hydrolysis of 
thioacetals, in anticipation that they may hydrolyze vinyl sulfides 
as well. Thus, the hydrolysis of both the phenyl] and n-buty]thio- 
crotyl derivatives of 2,6-dimethylcyclohexanone was attempted with: 
copper (II) chloride - copper oxide in refluxing acetone,*?®* 


mercuric oxide - boron trifluoride in THF,'?’ and ceric ammonium 


nitrate in aqueous acetonitrile.**° However, these reagents were 
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found unsuitable for our system. With the first two reagent 
combinations, the starting material remained unchanged and was 
recovered quantitatively, and with ceric ammonium nitrate a complex 
mixture of products resulted in which the derived diketone was 
formed in less than 5% yield (gle analysis). 

Subsequently, the titanium tetrachloride-promoted hydrolysis 
was investigated.°? In this procedure the vinyl sulfide is initially 
treated with two equivalents of titanium tetrachloride at room 
temperature and this is followed by addition of water (4 equiv.). 

The reaction can be carried out successfully in three different 
solvents: acetonitrile, methylene chloride, and acetic acid. In 
certain cases the addition of one equivalent of lead hydroxide (to 
remove thiol) has been found to increase yields. °? 

Initial results with this procedure were rather disappointing. 
For example, the reaction of 2-methy1-2-(y-phenylthiocroty1)cyclo- 
hexanone with titanium tetrachloride in either methylene chloride 
or acetonitrile resulted in a mixture of several products as determined 
by glc analysis. Addition of lead hydroxide did not improve the 
outcome of the reaction. 

However, in acetic acid the reaction was complete in less than 
thirty minutes and gic analysis indicated the formation of one major 
product (75% yield). The infrared spectrum of the crude mixture 
showed no evidence of the anticipated dicarbony! compound. Instead, 
there were absorptions at 1680 and 1620 cm~! (characteristic of a 
conjugated enone), and glc-mass spectral analysis of the major component 


indicated a molecular weight of 164. This product was isolated by 
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coiumn chromatography on silica gel (elution with heptane-methy lene 
chioride), and its nmr spectrum proved to be identical with that of 
an authentic sample* of 10-methy1-A!»°-octal-2-one, prepared by the 
Heathceck and Ellies’® annelation reaction. 


This interesting observation suggested that an in situ hydrolysis- 


cyclization reaction was being effected by TiCl,, and moreover, the 
cyclization was being directed predominantly, if not exclusively, to 


tiie desired octalone (eq. 69). 


BIC TG (69) 


75% 


The reaction of tin tetrachloride was also examined with the 
above compound since tin tetrachloride has certain resemblances to 
titanium tetrachloride. For example, the estimated ionic radii 
(sn’*=0.71A, Ti*t=0.68A) are similar,!*°? and tin tetrachloride, 
like titanium tetrachloride, is a aveeiilable liquid which behaves 
as a typical Lewis acid, giving adducts with Lewis donors. However, 
the reaction of tin tetrachloride with 2-methy1-2-(y-phenylthiocroty]1)- 
cyclohexanone in either methylene chloride or acetic acid proved more 
sluggish than that of titanium tetrachloride, and the yield of the 
desired octalone was considerably lower (ca 35-40% glc yield). 


—— ee 


* A sample of this compound was kindly provided by Dr. L.M. Browne. 


hn 
: rhe J até on? 
ec, belt 4 ' pg 


A 4 aa » © oi J if Loy; 
ae ya UawehaytT fears Hi My 
, 70° at omT 
llr Al tp J Long @ Amite gd 
- 
( ie a ot Tatoe) = «7 
: ye owl ten ie ig, “eet 


- “eee 
; a | yiye és, Am POLS " ofa GR ats idk 


aang | Cleat Fi of seed) S42 1% ep? si ‘9 ‘e ‘é sasegngat | wed 
ia | 1) Vers ' thy V8 poiri an oe 
4 : 

ed i? he idee A haa. a) aft, as ; 

: a _ 7 
ay y itee al mile ata oat 
[ a 7 
vows if . po pirate ae? de 
. _ a : v 
ry ) =, ©] ru My i Ai HRS ‘~) e7 Ata mn cee 


L aor 9] @ = Vly OO ENP wha ‘ 
1h 0 ie ‘nt one Tee a) oP by aula if yen fis 
: x J | 
i “i ieee ot 2M 
; ee . a RE 
4 = P ¢ : 7} 
bd ; 7 : ms _ cs 


i — , ' | ; 
oe vy and) - ‘as ; ; it f a yo yaad ph Unk ter ie 


- 82 


As a result of these trial experiments with various reagent 
combinations, the TiCl,, method clearly proved to be the most 
promising. Further efforts of hydrolysis were therefore concen- 
trated on the TiCl, system with the various alkylation products 
described previously. 

Thus, 2-(y-pheny]thiocroty1) cyclohexanone, 77, underwent smooth 
nydrolysis with TiC], at 65°. The reaction was complete in 60 min 


and afforded A’>%-octalone-2, in 77% yield (eq. 70). 


edie ue te (70) 


Compound ul crystallized on standing in the refrigerator for 
several months, (m.p. 142-148°). However, the ir spectrum of the 
crystalline material showed carbonyl] absorption at 1715 Cie oe Dut 
no olefinic absorption at 1630 cm™!. The nmr spectrum lacked 
absorption for a vinyl proton, ae exhibited only absorptions for 
five aromatic protons at 6 7.5 and for fifteen aliphatic protons 
at 6 1-2.7. The molecular weight was determined by high resolution 
mass spectroscopy as 260.12353 (calcd. for CygH2oS: 260.12349), 
which is the same as that of the starting material, 77.. A comparison 
of the mass spectrum of authenic compound 77 and the crystalline 
product showed major differences in their respective fragmentation 
patterns and each possessed different base peaks (133 and 151 respec- 


tively). On the basis of this spectral data, it is concluded that 
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77 underwent cyclization in the refrigerator due to traces of acid to 


afford compound 79 which js essentially an adduct of the enone and 


benzenethiol (eq. 71). 


ane) 
eon 
os 0 0 
So 


ie, 79 


To check! ?5 


if mild acidic conditions could effectively 
hydrolyze vinyl sulfide alkylates, two substrates were selected 
for trial: the 2,6-dimethyl- and the 3-methy] analog. However, 
the former proved unreactive toward refluxing dilute HCl-ethanol, 
and the 3-methyl analog gave a mixture of the octalone and the 
bridged bicyclic ketone, Similarly an attempt??? to hydrolyze 

the latter compound by absorbing it on acid washed alumina (pH 3) 
and on 25% silver nitrate on silica gel proved ineffective. 

The hydrolysis of the phenyl thiocrotyl alkylate of 2,6- 
dimethyl cyclohexanone with titanium tetrachloride proved to be 
troublesome, In contrast with the previous substrates (which cyclized 
rather readily), the hydrolysis of this analog was incomplete after 
16 hr at room temperature. Increasing the temperature resulted in 
a faster reaction rate, though the yield of the desired octalone 
was essentially constant, and a’ new product, 2,6-dimethy1-9-pheny1- 


thio-bicyclo[4.4.0]-1,9-decadiene appeared (Table IX, entries eae 
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The use of excess TiCl, was ineffective at increasing the yield of 
octalone (Table IX, entry 4). 

On the other hand, the n-butylthio analog proved more suscep- 
tible to hydrolysis. The reaction of the 2,6-dimethy] analog with 
TiCl, was complete in a relatively shorter time period (4 hr 40°) 
arid the yield was improved (Table IX, entry 7). 

In addition to the desired octalone, two other products were 
detected by glc, isolated, and characterized as the bridged bicyclic 


compound 81 and vinyl sulfide 82 (eq. 72). 


co—.co-& 
n-BuS~ ",, 6 er 
80 


(72%) 81 (5%) 


(72) 


82 (18%) 


The structure assignment of thioenol ether 82 was based on the 
following spectral data: The molecular weight was determined as 
250.2044 (calcd. for CygH26S: 250.2047) by high resolution mass 
spectroscopy; the nmr spectrum (CDC13, 100 MHz) exhibited an 


olefinic absorption for one proton at 6 6.3; the ir absorption 
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at 1590 cm™* (probably due to a conjugated diene system); and the 
u.Vv. Spectrum (MeOH) showed a maximum at 277 mu (€ = 9.150), which 
is strong indication for a conjugated diene system substituted 
by an alkylthio group (calcd. Amax 269 mi). A cross-conjugated 


structure such as 83 may therefore be excluded. 


Apparently thioenol ether 82 arose as a consequence of the 
reaction of the enone with free thiol present in the hydrolyzed 
reaction mixture. Retreatment of 82 with TiC], in acetic acid 


(r.t. 1 hr) gave the desired octalone in 75% yield (eq. 73). 


1iCly, 


n-BuS ~ SS 0 


(73) 


82 (75%) 


Similar observations have also been made in the steroid series. 
Djerassi and co-workers!?° have found that 3-keto-A*>° steroids 
can be converted to conjugated thioenol ethers with benzylmercaptan 
in the presence of pyridine hydrochloride as a catalyst (eq. 74). 


Compound 84 (R = COCH;, COCH20Ac, 0, OH, C3H,7) shows an ultraviolet 
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maximum (dioxane) at 268 mu, which is similar to that obtained for 


compound 82. 


Sets thet CH» SH 


In an attempt to circumvent the formation of by-product 82, 
the hydrolysis was also carried out in the presence of mercuric 
oxide {a thiol "scavenger"). However, this modification led to 
extensive decomposition and only ca 10-15% yields of bicyclic 
enone resulted. 

The formation of the bridged bicyclic ketone 81 in 5% yield 
is in sharp contrast to Marshall's results?” and to our observations 
of the hydrolysis of vinyl sulfide 80 with mercuric chloride in 
aqueous acetonitrile. In both these cases, the undesired bridged 
bicyclic isomer is the exclusive product. 

Marshall and Schaeffer noted that all three y-chlorocrotyl- 
cyclohexanones, Ig, Ip; and I;, upon treatment Wit CONCGaSUcUn ic 
acid at 0°, show a preference for cyclization to bridged bicyclo- 


[3.3.1]nonanone systems IVa, IVp, and IVc, over octalones, [la,clib, 


and IIc (eq. 75). 
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a. SS 
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R} 
Regreant R 
I 
III 
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fe Rohs ROS F 
b. R=H: R? = CH, 
c, R=R! = CH, 
Hoty ao peer 


For example, hydrolysis of la afforded in 58% yield a mixture 
(85:15) of dione Ila and bridged ketone IVa; similarly, hydrolysis 
of Iv gave a mixture (87:13) of dione IIb and bridged ketone IVb 
in 61% yield and no octalone could be detected. Hydrolysis of 
IiIa, however, produced exclusively the uncesired bridged ketone 
IVc in 93% yield. 

These findings provide an interesting contrast with the results 
obtained by Julia!?" on the hydrolysis of 2-(y-chlorocroty1)cyclo- 


hexanone, Id. In this case a mixture was formed in which the 
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bicyclo[4.4.0] and the bicyclo[3.3.1] products were formed in 
nearly equal amounts. 

Marshall has suggested that two facters control the direction 
of the cyclization reaction (scheme VII): the steric environment 
of the cyclohexanone carbonyl grouping, and the difference in 


stability of the enois A and C (due to hyperconjugative stabiliza- 


tion). 
Scheme VII 
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Thus, it is suggested that methyl groups in the 2- and 6- 
position on the cyclohexanone ring should retard the reaction 
A +B. On the other hand, both a 2- and 6-methyl group might be 
axpected to facilitate the reaction leading to the bicyclo[3.3.1] 
product (C > D). The energy difference between the conformer with 
an axial butanone side chain (needed for the formation of bridged 
product Da) and the equatorial side-chain conformer (where 
bridging is prohibited by steric effects) should be smaller in 
thie 2-methy1-2-(3-oxobuty1)cyclohexanone intermediate Ca than in 
the corresponding desmethy] analog C (R = R? = H) where the equa- 
torial side chain should be greatly favored. Bridged product IV 


might therefore be more easily formed. 
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The difference between Marshall's results and ours is undoubtedly 
due to the role electrophilic titanium plays in our system. 
Mukaiyama’?*, for example, has shown that in crossed-aldol reactions, 
titanium tetrachloride strongly activates the reaction of silyl enol 
ethers with carbonyl compounds (eq. 76), and suggests that formation 
of chelate 85 is a strong driving force for the formation of the 
aldol product. Similarly, House!3* observed that the addition of 
divalent metal salts such as MgBr, or especially ZnCl. to preformed 
lithium enolates, followed by treatment with aldehydes results in 
formation of a single aldol product in 80-90% yields. Again, this 
has been explained by the formation of a metal chelate which probably 
assisted in displacing the equilibrium reaction in favor of aldol 
formation. 

Thus, the driving force in the TiCl,-promoted cyclization to 
the bicyclic[4.4.0]decanone system is most reasonably attributed 
to formation of the intermediate, six-membered cyclic titanium 
chelate, E and/or F. For the formation of the bridged bicyclic 
compound, the 2-butanone side chain of the dione IIc has to be 


in the axial position. There are two important conformers of the 
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side chain to be considered. Inspection of Dreiding molecular 
models shows that in conformer H the plane of the carbonyl group 


almost bisects the plane of the enol double bond, thus preventing 


efficient overlap of the two tm systems. However, the carbonyl] 

and hydroxyl groups are favorably disposed for chelation to titanium. 
In conformer G, on the other hand, the two 7 systems may lie in the 
same plane suitably disposed for overlap. This may facilitate C-C 
bond formation, but the carbony? and the hydroxy? group are now too 
far apart for effective chelation to occur. 

In Dreiding models of intermediates E and F, however, both 
efficient m-overlap and reasonable bridging distance (for Ti 
chelation) can occur. 

This additional stabilization in conformers E and F due to 
chelate formation probably offsets the steric retardation mentioned by 


Marshall,!”? and results in preferential formation of the octalone. 
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However, the flexibility of Dreiding models of such systems 
cannot permit a clear choice between conformer E and F. New C-C 
bond formation from conformer E (equatorial attack) would lead to 
a trans-decalin system, whereas conformer F (axial attack) would 
produce a cis decalin. House has argued that the usual “axial 
attack" observed in kinetically controlled alkylation of enolates 
is substantially diminished in the presence of chelating agents 
(Zn**).1%2 In the latter, the outcome is predominant equilibrium 
control (i.e., increased equatorial attack). However, this point 
cannot be resolved in our system, since in none of the cyclization 
experiments could any intermediate ketol (or dione) be detected. 

Hydrolysis-cyclization of the cyclohexanone alkylate behaved 
similarly to the 2,6-dimethyl] analog toward titanium tetrachloride. 
The phenylthio derivative underwent slow reaction and was incomplete 
after 10 hr at 50°. The n-butylthio analog, however, underwent 
relatively fast hydrolysis-cyclization (4 hr, 50°) and afforded the 
corresponding octalone in 73% yield (Table X, entries 4,5). 

Interestingly, the acid-catalyzed hydrolysis of 2,6-dimethyl- 
2-(y-chlorocrotyl)cyclohexanone occurs markedly faster than the 
analogous reaction of the monomethy1! compounds (Ia, Ib). However, 
in the TiCl,-promoted hydrolysis of the analogous vinyl sulfides, 
the 2,6-dimethy] analog hydrolyses much slower than the less 
substituted derivatives. Thus, the qualitative rates of the 
hydrolysis decrease in the following order: 2-methyl > unsubstituted 
> 6-methyl > 2,6-dimethy]cyclohexanone alkylate (similarly, in the 
n-buty! vinyl sulfide series the rate decreased in the order: ynsub- 


stituted > 6-methyl > 2,6-dimethylcyclohexanone alkylate). 
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Table X 


The reaction of 2-[y-pheny1(n-buty1) thiocroty1 cyclohexanone 


derivatives with titanium tetrachloride 
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| Again, this may be explained on the basis of steric retardation 
and enol stabilization on the one hand, and the chelation effect of 


titanium on the other. 


In the cyclization of conformer E, for example, the oxobuty] side 
chain isheld in the equatorial = position due to Ti chelation. However, 
the side chain may be subjected to steric interaction with the methyl 
in the 2- and 6-position of the cyclohexanone ring. As a result the 
cyclization of the 2,6-dimethyl analog is expected to be the slowest 
in this series. On the other hand, in the reaction of the chlorocroty] 
analog leading to the bridged bicyclic ketone, the oxobutyl side chain 
(in the axial position) encounters less steric interaction.!’ Moreover, 
since the endocyclic enol Cc of the 2,6-dimethyl] alkylate is more 
stable than analog Ca (due to hyperconjugative effects) it is observed 
to cyclize faster. 

In conclusion, titanium tetrachloride in acetic acid was found to 
be very effective for the hydrolysis and cyclization of vinyl sulfides.* 
The hydrolysis of 2-[y-pheny1(n-buty1) thiocroty1 ]cyclohexanone 

derivatives concludes the scheme for the preparation of octalones. 
Although the yields of the hydrolysis reaction are in the vicinity 
of 60%, the reaction holds a particular place of importance. Whereas 


other existing methods obtain these products after lengthy multi-step 


* Interestingly, this reagent combination has recently been observed 
by Dr. Mortimer!?* to hydrolyze vinyl selenides instantaneously in 
good yield. 
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procedures, the present scheme succeeds in preparing difficulty 
obtainable octalones (like 8,10-dimethyl-1(9)-octal-2-one) in 


two facile steps from the starting ketone. 
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EXPERIMENTAL 


General Considerations 


Infrared (ir) spectra were recorded on an Unicam SP1000 
Infrared Spectrophotemeter. Nuclear magnetic resonance (nmr) 
spectra were run on a Varian A-60 or HR-100 spectrometer. Unless 
otherwise stated, deuterated chloroform (CDC1;) was employed as the 
solvent with tetramethylsilane (TMS) as the internal reference 
Standard. Chemical shifts are reported as 6 values relative to 
T™S = 0. The following abbreviations were used in the text: 

§ = singlet, d = doublet, t = triplet, and m = multiplet. Mass 
spectra were recorded on a AEI Model MS-2 or Model MS-9 spectro- 
meter. Spectra are reported in the following fashion: m/e = 
peak mass (relative intensity). 

Gas liquid chromatography (glc) was performed using an 
Aerograph A-90-p3 and Varian Aerograph series 1200 gas chromatographs. 
The following columns were used: Column A: 5'/1/8" 5% SE-30 on 
chromosorb G-DMCS; column B: 5'/1/8" 5% OF-1 on chromosorb W; 
column C: 10'/1/8" 15% SE-30 on chromosorb W; column D: 5'/1/8" 
20% DEGS on chromosorb W; column E: 5'/1/8" 10% carbowax 20 M on 
ciromosorb W. 

Refractive indices were measured on a Bausch and Lomb Abbe-3L 
Refractometer. 

The alkylation and reduction reactions were carried out under 
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an atmosphere of oxygen-free nitrogen. 
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The concentration of commercial methyllithium in ether (Foote, 


1.5-1.6M) was determined by titration with 2-butanol in xylene.!?° 


Preparation of ethyl y-pheny1(n-buty1)thiocrotonate 


Ethyl B-chlorocrotonate. This ester was made by a modification of 
Vernon's method.?° A suspension of phosphorus pentachloride (418 g, 
2 mol) in benzene (300 ml) was kept at 0° with stirring. Ethy] 
acetoacetate (130 g, 1 mol) was added dropwise during 3 hr. The 
mixture was stirred at 0° for 24 hr. Ice-cold methanol (300 cc) 

was added slowly (6 hr), with efficient stirring at 0° to 5°. The 
reaction mixture was then neutralized with cold saturated solution 
of sodium hydrogen carbonate (ca 500 ml). The mixture was then 
extracted with pentane (3 x 200 m1). the organic layer was washed 
with water, then with brine and dried (Na,S0,). After removal of 
the solvent at atmospheric pressure the crude product was distilled 
under reduced pressure. This afforded 90 g (62%) of ethyl 6- 
chlorocrotonate (as a mixture of the E and Z isomers) b.p. 48-70°/ 

10 nm; ir (liquid film): 1721 and 1712 (C=0, E and Z), 1637 and 
1631 (C=C, E and Z), 1189 (C-0, ester str.), 685 and 658 cm™? (C-C1) 
str, E and Z isomers); nmr: 6 6.17 (br, Ss, 1H) CH3C(C1)=CH, 4.2 (9, 
J = 7 Hz. 2H) CH.CHO, 2.6 (d, J = 0.5 Hz, 3H) CH,C(C1)=C (Z isomer), 
eooeide Ou= 015 Hz. oH) CHeC(GN=c {E isomer)y lo (tee Jnoe7enz, 


3H) CH,CH20. 
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Ethyl 8-phenylthiocrotonate (E and Z mixture) Benzenethiol (44 g, 


0.4 mol) was added to an ethanol solution (150 ml) containing an 
equivalent amount of sodium ethoxide (from 9.2 g Na, 0.4 mol) at 
0°C. To this solution ethyl B-chlorocrotonate (67.7 g, 0.45 mol) 
was added dropwise over a period of 15 min at 0° and the reaction 
mixture was stirred for an additional 2.5 hr, during which time a 
white precipitate developed. At the end of this period, the mixture 
was poured into ice cold water (41) then extracted with ether (5 x 
100 m1). The combined ether extracts were reduced in volume and 
dried (MgSO,). Ether was removed by distillation at atmospheric 
pressure and the residue was fractionally distilled through an 

8 cm. Vigreux column at 1.5 mm. This afforded 72 g (80%) of an E- and 
Z-mixture. The first fraction, b.p. 127-129 (1.5 g), was the Z 
isomer. The second fraction, b.p. 129-134° (66.3 g) was a mixture 
of E and Z isomers, ir (liquid film): 1698 (C=0), 1595 and 1587 
(C=C )ee520n(C=Cearastreeo44> cn. (CoSastrn.) sinmtzcemon7 45a (Is 
5H), 5.9 (m, 1H) CH=C (Z isomer), 5.3 (m, 1H) CH=C (E isomer) 

An Se9. Alc=ar Hz 2H)eCHCHo0,02.48. (doe ="025aHZ, 03H) e Chee=e 
(Zaasomer), 128 (d, J = 0.5 Hz, 3H)*CH3C=C (E isomer). loz tt. 

J = 7 Hz, 3H) CH3,CH20; mass spectrum m/e: 222 (72), 177 (51), 
14A9met100)— 1348(19)110) (36) 5 851(32) 5 “The. third trections.)-p: 
134-136° (4.2 g) was the E isomer. 


Ethyl 6-n-butylthiocrotonate - n-Buty]lthiol (38 g, 0.42 mol) was 


added to ethanol (200 ml) containing an equivalent of sodium 


ethoxide (from 9.8 g Na, 0.42 mol) at 0°C. To this solution 
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ethyl! 6-chlorocrotonate (62.95 g, 0.424 mol) was added dropwise over 
a period of 15 min at 0°C. The reaction was left stirring overnight 
at room temperature during which time awhite precipitate formed. 

The mixture was poured into ice cold water (4 1) and extracted with 
ether (4 x 200 m1). The combined ether extracts were reduced in 
volume and dried (MgS0O,). Ether was removed by distillation at 
atmospheric pressure and the residue was fractionally distilled 
through an & cm Vigreux column to afford73 q (86%) of the E-and Z- 
isomers. The first fraction (3.2 g), distilling at 99-102° was the 
Z isomer. The second fraction (68.2 g), distilling at 102-118,was 
the mixture of E and Z isomers; ir (liquid film): 1710 (C=0), 

TOOUM( C=6)s nmr: 655.75.and 5.48 (bres, 1h) CH=G (E and 2) 

Melee Gerd o/HzZ.echo aC. CHa O,ec a7 2 (bie tech) mS-CHo CH oan eesorand 
2.2 (d, J = 0.5 Hz, 3H) CH3-C=C (E and Z), 1.85 to 1.4 (m, 4H) 

Gio Choswiles) (tsrd = 7 Hze0ch) CHICHS 0, OS9R(bretamsH)) CHetCHay/4s- 
mass spectrum m/e: 202 (92), 177 (10), 169 (13), 157 (100), 156 
GS5 en 40e94 i272. (41) on 125 (26)5.124.( 40). 10171 ee 1003098) 

85 (26). The third fraction (5.8 g) distilling at 118-120° was the 


F isomer. 


Preparation of ethyl y-pheny1(n-buty1)thiocrotonate from ethy] 


acetoacetate. A mixture of ethyl acetoacetate (6.5 g, 0.05 mol), 
benzenethiol (5.4 g, 0.05 mol) and p-toluenesulfonic acid monohydrate 
(0.5 g) was refluxed in benzene (50 ml) over a period of 10 hours 
with azeotropic removal of water. At the end of this period the 


reaction mixture was quenched with cold saturated potassium carbonate 
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solution (50 ml), then extracted with ether (3 x 25 ml). The 
organic layer was washed with water and brine and dried (Na,SO,). 
Removal of solvent (rotatory evaporator) and fractional distillation 
afforded 6.9 g (63%) of ethyl 8-phenylthiocrotonate (E and Z mixture) , 
b.p. 127-136°/1.5 mm, possessing ir, nmr and mass spectra identical 
with a sample prepared by Vernon's route.°° The residue, phenyl- 
thioacetal of ethyl acetoacetate, was purified by evaporative 
distillation (110°/0.02 mm); nmr, 6 7.8 to 7.4 (m, 10H), 4.18 (9, 2H) 
CHeCH2Ogeere (Ss 2h) CHSCODEt, 1265 °(S,0cH) CHsC(So oes eco cL aes) 
CH3CH.0; mass spectrum m/e: 332 (0.6), 287 (1.9), 260 (3.2), 
A2seO4)ne ln aoc) 45) (100). 1298(62). 


Ethyl B-n-butylthiocrotonate was prepared as described above from 
ethyl acetoacetate (6.5 g, 0.05 mol) and n-butylthiol (4.51 g, 0.05 mol) 
to afford 6 g (59%) of ethyl B-n-butylthiocrotonate, as a mixture 

of E and Z isomers with identical properties (b.p., nmr, ir) to 


material prepared by Vernon's route. 


Preparation of ethyl 3-oxopentanoate*? - Toa dry 100 ml flask 


equipped with a magnetic stirring bar, thermometer, pressure 
equalizing addition funnel, and nitrogen inlet, was added sodium 
hydride (2.16 g, 50% mineral oil, 44 mmol). The flask was flushed 
with nitrogen, cooled in an ice bath and charged with 35 cc of dry 
THF. Then ethyl acetoacetate (4.64 g, 40 mmol) was added dropwise 
and the colorless solution was stirred for 10 min at 0°. To this 


solution was added, dropwise, a solution of n-butyllithium (17.3 ml, 
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2.43 m, 42 mmol) in hexane. The resulting yellow solution of the 
dianion was stirred at 0° for an additional 10 min. Methy] iodide 
(6.25 g, 44 mmol) in THF (10 ml) was added dropwise (10 min) at 0° 

and the mixture was allowed to warm to room temperature with stirring 
(20 min). Then a mixture of 8 ml of conc. HC] in 20 ml of water and 

50 il of ether was added. The aqueous layer was extracted with 

ether (2 x 20 ml). The organic extracts were combined, washed with 
water until neutral, and dried (MgS0,). Evaporation of the solvent 

and fractional distillation produced 3.2 g (75%) of ethyl 3-oxopentanoate 
b.p. 62-64/3 mn (1it.1® 75-78°/9 mm), ir (CHC13) 1740 (C=0), 1715 cm™? 
(G=0 )serimriows 4522 (9, JM] 7 Hz, 2H) CHACH.0; 3.48. (s5 2H) CH>-COLEt. 
DeOOn (Cyn = 9) .c HZ.) 2H) CHO CHC=0, lout. Je= 7 ze ech mCHacHo Os 

1.08 (t, J = 7.2 Hz, 3H) CH3CH2C=0; mass spectrum m/e: 144.0791 
(Caled-form G7Hi202:  914420706)) 1445(24) 5, 1250 (28) 99 (18) e876), 
69) (20).57, (100), 439 (40). 


Reaction of ethyl 3-oxopentanoate with benzenethiol in the presence of 
P-1SA. A mixture of ethyl 3-oxopentanoate (3.08 g, 22.4 mmol), 


benzenethiol (2.35 g, 2.16 ml, 22 mmol), and p=toluenesulfonic acid 
monohydrate (0.5 g) was refluxed in benzene (50 m1) for 10 hr with 
azeotropic removal of water. Then 50 ml of a cold saturated potassium 
carbonate solution was added and the aqueous layer was extracted with 
ether (3 x 25 ml). The organic extracts were combined, washed with 
water, then brine, and finally dried over Na2SO,. The solvents were 
removed (rotatory evaporator) and the crude residue was distilled 


through a 2 cm Vigreux column attached to a short path distillation 
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apparatus to afford 3.1 g (62%) of a mixture (50:50 by nmr) of ethy] 
3-pheny] thio-2-pentanoate and ethy] 3-pheny]1thio-3-pentanoate, b.p. 
105-125°/0.02, ir (liquid film): 1745 (C=0, B,y-isomer), 1715 (C=O, 
a,8-isomer), 1600 cm? (C=C); nmr: 6 7.3 to 7.25 (m, 5H) aromatic 
protons, 6.15 (m, 1H) CH3CH=C, 5.2 (s, 1H) C=CH-CO,Et, 4.1 (q, 4H) 
CH3CH20, 3.25 (m, 2H) CH,CO.Et, 2.9 (qx JM="7-5 Hz,ech)) CHecHsC=CH. 
Sale Ge OGetsesH. dyer "5.2 edo. =-0nS Hz) CHSCH=C=CHs, 1-3 (t, 

J = 7 Hz, 3H) CH3CH2.0, 1.08 (t, J = 7.2 Hz, 3H) CH3CH.C=CH; mass 
Sspectrumim/e: 9 cs0.098/9"( Calcd for Cyt ¢0s5.) 2o0.0e7 econ 100). 
ele (11) 191 (110); 190) (40)5° 163 (40) 162" (22) 1s5h (27) 1260 39). 
110 (60), 109 (35), 99 (39). 


Synthesis of Ethyl-5-phenyl-2-pentanoate®® - To a cold (-78°) 


solution of allene (ca 4.5 ml, 75 nmol) in ether (35 m1) a solution 
of n-butyllithium (Foote, 34.5 ml, 1.52 M, 52.5 mmol) was added over 
a period of 30 min. The mixture was slowly allowed to warm to -15° 
and then stirred for 15 minutes at this temperature. A solution of 
benzyl chloride (1.9 g, 15 mmol) in ether (10 m1) was then added at 
-15° over a period of 15 minutes. The mixture was warmed (30 min) 
to room temperature, and one hour later was cooled to -78°. Freshly 
distilled ethyl chloroformate (40 g, 0.37 mmol) was added dropwise 
(30 min) and the temperature was gradually allowed to increase to 
25° (3 hours). The reaction mixture was poured into ice-water, 
saturated with sodium chloride, and extracted with ether. The 
organic extracts were combined and washed with saturated ammonium 


chloride solution, brine, then dried over Na,S0,. The solvent was 
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removed (rotatory evaporator) and the eee ie was distilled to 
provide 2.43 g (80%) of ethyl (5-phenyl-2-pentynoate (b.p. 118-119°/ 
0.4 mn); Np 1.5210; ir (thin film) 2240 (C=C), 1715 (C=0), 755 and 
705 ACehe jas nmrs aid 717 (Ss. 6H) Cols, 4,08 {q., Ji= 7 Hz, 2H) <0=CHo: 
2.62 {m; 4H) CH,CH,, 1.18 (t, J = 7 Hz, 3H) CHa: mass spectrum m/e: 
20210012 (Gatleds. -forsCs3Hyi,05" 202.0998) 55 157, Gle) 3129 es 

OTML IDO) M66 417)5 5 1( 10), 393 (9).) 29" (12). 


Reaction of ethyl o-phenyl-2-pentynoate with sodium thiophenoxide. 
Benzenethiol (1.33 g, 0.011 mol) was added to ethanol (75 m1) 


containing an equivalent amount of sodium ethoxide (0.258 g Na, 
11.2 mmol) at 0°. To this solution ethyl 5-pheny1-2-pentynoate 
(2.268 g, 11.2 mmol) was added dropwise over a period of 15 min 
at 0°C. The resulting mixture was left stirring overnight at room 
temperature, then poured into ice cold water (1.5 1). After 
extracting the mixture with ether (4 x 100 m1), the combined ether 
extracts were reduced in volume and dried (MgS0O,). Ether was then 
removed (rotatory evaporator) and the residue was distilled (bulb 
to bulb) at 118-120/0.015 mm to afford 2.6 g (88%) of a mixture of 
5-pheny1-5-pheny1thio-2-pentanoate and 5-pheny 1-3-pheny 1 thio-3- 
pentanoate; ir (liquid film): 1740 (C=0, B,y-isomer), 1710 C=0, 
a,8-isomer), 1630 (C=C), 1200, 775 and 705 cm7? (CgHs); mass spectrum 
m/e: 312 (4.4), 218 (19), 202 (36), 174 (43), 168 (32), 157 (34), 
Moom( 100) 120564). 1098 (30) 91139) 
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Reaction of ethyl B-phenylthiocrotonate with DIBAH in THF. To a 


100 ml 3-necked flask equipped with a magnetic stirring bar, 
thermometer, condenser, pressure equalizing addition funnel and 

N2 inlet was added THF (15 ml). The flask was cooled to 0° and DIBAH 
(Alfa, 6.4 g, 8 ml, 0.045 mol) was then added under N,. To this 
solution ethyl B-phenylthiocrotonate (5 q, 0.0225 mol) in THF 

(iG ml) was added dropwise (15 min) at 0°. The reaction mixture 
was allowed to warm slowly to room temperature and kept stirring 
at this temperature for an additional 2 hours. After the mixture 
was cooled to -10°C, methanol (15 m1) was added dropwise (15 min) 
followed by 15 ml of cold water. When H. evolution ceased, the 
reaction mixture was poured into a saturated solution of potassium 
carbonate (50 ml), then extracted with ether (3 x 25 m1) and dried 
(Na2S0,). After removal of solvent (rotatory evaporator) the 
residue was distilled to provide 2.8 g (69%) of 3-phenylthio-2- 
butanol (mixture of the E and Z isomers) b.p. 111-122/0.3 mm, ir 
(liquid fiim): 3350 (OH), 1640 (C=C), 1000 (C-0 st), 750 and 700 
em=! (CgHs); nmr: 6 7.3 (m, 5H) CeHs, 6.1 to 5.55 (m, 1H) CH3CH=C, 
4.35 and 4.1 (br d, J = 7.5 Hz, 2H, E and Z isomer) C=CH-CH2-0H, 
2.35 (s, 1H) OH, 1.95 (brs, 3H) CH3; mass spectrum m/e: 180 (55), 
Tota 16) 149 a(S 1)an 111 5(20)5, 11000) S102 (36), 108 (28), 

77 (30). Anal. calcd. for CyoHi20S: C, 66.60; H, 6.66. Found: 


Cypobs/ osu, 0.90. 


Reaction of ethyl 8-n-butylthiocrotonate with DIBAH in THF. Ethyl 
B-n-butylthiocrotonate (4.55 g, 0.022 mol) was reduced with DIBAH 


Ds to ee “wae 


Ta re 
ile biah oth ea palate f 


sist pnt 


7 
; “tt 
iisey ut vit’ ods ‘anl fae pis atu an a) “OED ny ine 
Fy ria ay > ue Are fia’ At r ‘ain't : 2 hFm if } Wy “yi ’ oe 
' } of Us . “M Y whe weit at (Te ia on Vi rie? v amt 
1H! i! i? i cost Q ay a if Sa FEOY viel pt Ya sae ee | ish - Sule ; 
ui" vor nora: Rony =! , : werk) i } sahie , ’ eet Fi a OF 
; i 
rice avd bak ongt esas) Bde 7) YM ida want Oe oso fb een 
sai 
| rin sr i ! ) r ] - a yep 
. Ae ah 
LT iske- 2eW ti ae -ieaat ray GPT eee 
\ iff ; ' joes 4 # 4 
- ij avij#e & TT! Le | i Wy Ady 
5 2 a 
> y “aa 
>» ? 
: . 
j pert, ti ra 
7 Kigaac’ a fant’) is ne wl 
im : ky aie nes a % toms 
| | aay Ar ) fone 
j ,) ' Va 
i & 
i Ts . shim ; 4 | 
4 : 
aa ‘ Oar s(OOT) vi 
‘ 
oy or _ ml i atria os 
. ; 
7 7 
> i 
a | ; 
aS {yo 
« ynel } eet ne ae A “34 


Anata inte Pye a A, tow’ on a 
a a Ms 
alt 


- 106 


(alfa, 6.4 g, @ ml, 0.045 mol) as described above to afford 2.5 g 
(70%) of the E and Z isomers of 3-n-butylthio-2-butanol. An 
analytical sample was obtained by bulb to bulb distillation, 70°/ 
0.02 mm, ir (liquid film): 3400, 1640, and 1000 cm-!; nmr: 

Deo -O8lO o.co (Ms IH) CH=Gy 4el6 (died =97 5 Hz, 2H) C=CH-CH2-OH 
evont0nc.00 (t,0cH) CHo-S, 2.72 (ls IH} OH. 1.95 (br esis coh) eChes 
1.78-1.34 (m, 4H) CH2CH2, 1.0 (t, 3H) CH3(CH2)3S; mass spectrum 
My ec t00.(34) 143) (6), 5103 (100)> 90 (7) 87011). eo (10). 
Tole) 71 -(16),.69 (10). Anal’. Calcd. for C.Hy,0S: C.159.94: 
WeelC cU0GH Os cUTOU. FOUNG> © LerOU clos) ter lati Sse cO.05e 


Reduction of ethyl 8-phenylthiocrotonate with aluminum hydride in 
ether?! °2, Aluminum chloride (0.895 gq, 6.75 mmol) was added to a 


suspension of LAH (0.77 gq, 20 mmol) in ether (15 m1) at 0° under 
No. Dissolution of aluminum chloride and precipitation of lithium 
chloride took place readily upon warming to room temperature. A 
solution of ethyl B-phenylthiocrotonate (3g, 27 mmol) in — ml 
of ether was then added, and the reaction was stirred for 30 min 
at 0°, then for 2 hours at room temperature. At the end of this 
period the reaction mixture was quenched with ice cold saturated 
potassium carbonate solution (50 m1) and extracted with ether (3 
x 20 ml). The combined extract was washed with water, brine and 
dried (Na,S0,). After evaporation of solvent, the residue was 
distilled to afford 1.95 g (80%) of 3-phenylthio-2-butanol, b.p. 
i0e-123°.. 10.3 mm (E& and Z isomers), identical in all respects to 


the compound obtained by the reduction with DIBAH. 
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Reduction of ethyl B-phenylthiocrotonate with aluminum hydride in THF 
Aluminum chloride (1.99 g, 13.5 mmol) was placed in a 250 ml 3-necked 


flask equipped with a magnetic Stirring bar and No inlet. The flask 
was stoppered with a septum cap, flushed with nitrogen and cooled 
(ca -28). Then THF (25 m1) was syringed into the flask portionwise 
(exothermic reaction) and the resulting solution was allowed to stir 
for 30 min at room temperature. A separate 3-necked flask (equipped 
with an addition funnel, magnetic stirring bar, condenser, thermometer 
and N2 inlet) was charged with LAH (1.58 g, 40 mmol), cooled (-10°) 
and THF (10 m1) was added. To this suspension the preformed 
aluminum chloride solution was added and the reaction mixture was 
stirred for 15 min at 0°C. Then ethyl] 6-phenylthiocrotonate (6 g, 
54 mmol) in THF (10 m1) was added dropwise (15 min) and the reaction 
temperature was kept between 0° to 10°. This mixture was allowed to 
slowly reach room temperature and was stirred for an additional 1.5 
hours. At the end of this period the reaction was quenched with a 
saturated solution of potassium carbonate (400 m1) and extracted 
with ether (3 x 75 m1). The combined extract was washed with water, 
brine and dried (Na,SO,). Solvent was removed (rotatory evaporator) 
and the residue was distilled to afford 4.4 g (90%) of 3-phenylthio- 
2-butanol, b.p. 108-123/0.3 mm (E and Z isomers) identical in all 


respects to the compound obtained by the reduction with DIBAH. 


Reduction of ethyl g-n-butylthiocrotonate with aluminum hydride in THF 


In a similar manner, ethyl] 6-n-butylthiocrotonate (5.44 g, 26.5 mmol) 


was reduced with aluminum hydride in THF solution. The aluminum 
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hydride was made from aluminum chloride (1.99 g, 13.5 mmol) and 
LAH (1.58 g, 40 mmol) according to the procedure described above. 
This reduction afforded 4 g (94%) of 3-n-buty1thio-2-butanol, 


identical in all respects to the alcohol obtained by the reduction 


of ethyl! B-n-butylthiocrotonate with DIBAH. 


halide via Meyers' method.+° A stirred mixture of the allylic 
alcohol (0.6 g, 3.3 mmol) and s-collidine (0.425 g, 3.5 mmol) under 
nitrogen was treated with lithium chloride (0.14 9g, 3.3 mmol) 
dissolved in dry DME (3 ml). The solution was cooled to 0°C and 
inethanesulfony] chloride (0.4 g, 3.5 mmol) in DME (5 m1) was added 
dropwise (15 min). Stirring was continued at 0° for 1.5 hr. At 
the end of this period the reaction mixture was poured over ice- 
water. The aqueous layer was extracted with cold ether-pentane 
(1:1) (3 x 10 m1) and the combined extract was washed with saturated 
copper nitrate solution (3 x 10 ml). The organic extract was dried 
(Na.SO,) and concentrated (rotatory evaporator) to afford a brown 
oil which exhibited no absorption at 1255 cm-’ in the infrared 
spectrum, ir (liquid film): 3075, 3015, 1680, 1630, 1230, 925 and 
975 cm-'. 


Reaction of 3-pheny1thio-2-butanol with tri-n-butylphosphine in 


carbon tetrachloride. To a magnetically-stirred solution of 
3-phenylthio-2-butanol (3.8 9, 20.3 mmol) in carbon tetrachloride 


under nitrogen was added tri-n-butylphosphine (5 lis 6.3) m1 25emmol) 
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dropwise (15 min) at 0°C. No apparent exothermic reaction took 
place at this temperature. The reaction mixture was slowly warmed 
to 10° (15 min) at which point a mild exothermic reaction took 
place (temperature rose to 20°). The mixture was stirred for an 
additional 15 min, then concentrated (rotatory evaporator). The 
residue was triturated with pentane and cooled to -78°. The 
resulting solid was filtered and washed with cold pentane. The 
combined pentane washings were washed with water, then brine and 
dried (Na2S0,). Removal of the solvent resulted in a brown oi] 
which exhibited the following ir absorption: (liquid film) 3080, 
POGOe 700 sel Oso 500, 1255.01 165..697 50) 90g 95am 7 ben JOUmchee 


(mixture of the o- and y-phenylthiocrotylchloride). 


Preparation of y-phenylthiocrotyl chloride via Youna's method.!?° 
A 100 ml 3-necked flask equipped with thermometer, addition funnel, 


magnetic stirring bar, Dry Ice condenser, and nitrogen inlet was 
charged with 3-phenylthio-2-butanol (2.88 g, 18 mmol) and tri-n- 
butylamine (3.2 g, 18 mmol) in 20 ml of ether. The flask was cooled 
to -20°C and thionyl] chloride (1.2 ml, 18 mmol) in ether (20 m1) was 
added dropwise over a period of 1.5 hr at -10 to =-20°C. During the 
rian of SOC], a slow stream of No was used to sweep out SO, and 
HCl. The reaction mixture was kept for an additional 1 hr at -5° 

to 0°, then poured into ice-cold water (300 ml}, and extracted with 
pentane (3 x 60 ml). The combined pentane extract was washed with 
brine and dried (Na,S0,). Removal of solvent left a pale yellow 


liquid (3.05 g, 85%) which was used immediately in the alkylation 


ee : 
Nesey fart nee 5 estan te Reale 2.) 
et} 2 > . x9 se 
satvew vtara Be od : ath notdat at = 5 ant iremg aPt Se 


Pires 44 ae pth ms var sav cate rs) (eho sf) *or 


y 


indg to Fane 
aeodot batts rapaue “euaxkn al? me QhGs 07 atin er ine) 9 ant 


at itt yey Gye Wha Tron eres”. seen m tee oh fF Mh 
- We : ~s big rT i, Gay a 

HA i i) aire ' ' i =e v a2 

fe I 


~ lea ne 1 Rw wi 4) ‘ae a ae iv etfoe an 


} 
‘lj 4” Mla Ap L Ltt 4 bag .tent Sete iil be tm 


' oa 


(pscg Mievlot 30° oe vttg is tal sie pa, bette 


; fT Ps ; 
ah meer bong, Tater 7 OTOSGE Pr ff | Aa fg? 4 ody sre sen #9 er yi 


ry 1 ee eee? oF y Gly ber Se if OO Nees 
- , 

bSh7-s hMICOL LEAT ten a7, a wnat) 

Z aa : $ 7 ye wi 

204 ahi Steen joe Sswkee — 
alien non aCe heat hle8 Wai es tt 


The a4 - 4 Ly ff - : oi Ae hid ram 4 ry 


\ a 4 i) ey S4 [ane ty aii fee +1 w dapes 


wo 7 


1 5: nome OE «che fans “a 
ORE with 'S A) spain Tie a 


rl epigy teat 
Z 
= > Ww 


. ; 
' eit toate TE Was) 1 ne ane lar mate 


‘4 a } b> hi ree 


, LEE” a aa i ronan tilopeseh ide f 
‘7 rp = = 


a \* 


' ad W ol y y le 1 , 7 @ STFS) ' vs pe vad WV ui at he 


if » OV) OY 


= ae a Tew 7 
4 $5) "ale a me “eb jath-anent! One J gtd uh. 


iy» aaat iy 


- 110 


reaction without purification. ir (liquid film): 1530 (C=C), 1585, 
1470, 1440, 1375, 1255 (y,y-dissubstituted allylic chloride) 2? 

1780, 1090, 1060, 1023, 775, 700 cm™1; nmr: 6 7.35 (m, 5H) CeHs, 
5.98 to 5.38 (m, 1H) C=CH-CH2-C1, 4.4 and 4.05 (br d, 2H) 

C=CH-CH2-C1 (E and Z isomer), 1.85 (m, 3H) CH3; mass spectrum m/e: 
W287 (36) 163 (100), 135 (46) 130: (s6)e 124(e4jne 1100s ent0g (a0) 
UTS erie 2h yrs 123) 

A sample of crude y-phenylthiocroty] chloride was subjected to 
bulb to bulb distillation, b.p. 72-78°/0.025 mn to afford a colorless 
liquid in about 30% which is tentatively identified as 2-pheny]thio- 
1,3-butadiene. The nmr shows only aromatic and olefinic protons 
ateomsGOmUMsn OH Cela OOS and 6255) (dyed =a 10 hZeecH) sos Comte 
5.08 (m, 3H); mass spectrum m/e: 163 (83), 147 (23), 129 (46), 

PLCC 7) eel 15) sale (O05 3020) 5) 518 (49) Se aoa (a6 30 (40). 

A sample of the crude y-phenylthiochloride was chromatographed 
rapidly over neutral (Woelm) silica gel (activity III) using pentane 
and then pentane : methylene chloride (1:1 by volume) as eluant. 
Examination by infrared of the fractions collected from the column 
showed no absorption at 1255 cm? (instead carbonyl absorptions at 
41715 cm-! and 1685 cm™! appearedwhich indicated isomerization and 


hydrolysis of the chloride). 


Preparation of y-n-butylthiocroty] chloride. in a similar manner, 
y-n-butylthiocroty] chloride was prepared from 3-n-buty1]thio-2- 


butanol (4 9, 25 mmol), tri-n-butylamine (4.8 g, 26 mmol) and thiony] 


chloride (3.1 g, 1.85 ml, 26 mmol) in 40 ml of ether. This afforded 
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3.7 g (85%) of pale yellow oil which was used without purification 
in the alkylation reactions; ir (liquid film): 2980, 2925 5221854 
1635 (C=C), 1465, 1440, 1380, 1255 (y,y-disubstituted allylic 
chloride) ,*?* 1175, 1090, 1060, 1030 cm-?; nmr: 6 5.85 to 5 (m, 
1H) CH=C, 4.28 and 4.05 (d, J = 8 Hz, 1H) CH-CH2-Cl, 2.65 (br t, 

2H) CH2S, 1.95 and 1.68 (br s, 3H) CH3, 1.68 to 1.07 (m, 4H) CHS.CHs. 
0.85 (t, 3H) CH3(CH2)3S; glc mass spectrum, m/e: 142 (21, P-HC1), 
276) eye SAG?) 9914 ie Chm G0) 2 85035 ee 7 Int Az ee Son e3)6 
63004) 5 45. (50) 5941 (64) 5.939. (41). 


Alkylation of 2,6-dimethylcyclohexanone with y-phenylthiocroty] 
chloride in DME. A 100 m1 3-necked flask equipped with addition 


funnel, magnetic stirring bar, thermometer, and N, inlet was charged 
with methyllithium (4.64 ml, 1.8 m, 8.35 mmol) in ether. The solvent 
was removed under reduced pressure and replaced by DME (10 ml). 
2,2-Bipyridy] (10 mq) was added (resulting in a purple solution) 
and the solution was cooled to -50°. Diisopropylamine (0.844 g, 
8.35 mmol) in DME (5 m1) was added dropwise and with stirring over 

5 min. The resulting reddish-purple solution was stirred at -20° 
for 5 min and then 10 ml of a solution containing 2,6-dimethylcyclo- 
hexanone (1 g, 7.94 mmol) was added dropwise with stirring over 30 
min, during which time the temperature of the solution was kept 
between -20° to 0°C. The resulting reddish-purple (indicating the 
presence of excess lithium diisopropylamide) solution was warmed to 
30° and then y-phenylthiocroty] chloride (13 mmol) in DME (10 m1) 


"EE added rapidly (15 sec). The resulting mixture was warmed to 
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40° and stirred for 1 hr, then left overnight at room temperature. 

At the end of this period the reaction mixture was poured into 50 

ml of cold saturated sodium hydrogen carbonate solution and extracted 
with pentane (3 x 15 m1). The pentane extract was washed successively 
with aqueous 5% HC] and aqueous sodium hydrogen carbonate solution, 
dried and concentrated. The residue was chromatographed over neutral 
(Woelm) silica gel, activity III, using skell B, then skelly B 
methylene chloride (2:1 by volume) as eluants. This yielded 0.3 g 
(30%) of starting material, 2,6-dimethylcyclohexanone, followed by 
2-pheny]thio-1,3-butadiene (decomposition product of the starting 
halide) and finally the product, 2,6-dimethy1-6-[y-phenylthiocroty] ] 
cyclohexanone 1.4 g (65%), as a yellowish oil, ir (liquid film): 

1715 3(C=0)> 1635 (C=C), 755 and 705 cm) (CoHs); nmra 6 7-3: (m; 5H) 
Celis, 5.04-5.62 (m, 1H) CHs-C=CH=-CH,, 2.8-2.5 5 (m,. 1H)5 225) toee.c/ 
(br, d, J = 7 Hz, 2H) CH3-C=CH-CH2, 1.93 (br, s, 3H) CH3-C=CH-CH2, 
1.9 to 1.6 (m, 6H) methylene protons, 1.15 to 1.07 and 1.07 to 1.00 
(d, J = 6.5 Hzj/ 3H) CH3, 0.95 (s, 3H) CH3; mass spectrum m/e: 

288 (16).0196 (85), 163: (100), 135 (25)5 130)(18) 29126 (24)5 3 10a 35). 
95 (16), 69 (17), 55 (24). Anal. Calcd. for Cy H2,S0: C, 74.95; 
Preece Se lel. eround: §G5374.84s0H, 62495535, 10278: 


Alkylation of 2,6-dimethylcyclohexanone with y-phenylthiocroty] 


chloride in the presence of lithium iodide. To the solution of the 
lithium enolate of 2,6-dimethylcyclohexanone (1.51 g, 12 mmol) in 


DME (20 ml) at 0° (prepared according to the above procedure using 


12.6 mmol of methyllithium and 12.6 mmol of diisopropylamine) , 
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lithium jodide (2.16 g, 16 mmol) was added under nitrogen and the 
flask was wrapped with aluminum foil. This was followed by rapid 
addition of the halide (ca 16 mmol) in DME (10 ml). The resulting 
mixture was stirred for 30 min (during which time the temperature 
rose to 25°), then worked up as described above. After removal 

of the solvents, the concentrate was shown to contain three compo- 
nents by glc analysis (column A, temperature programming 90-260°, 
program rate 15°/min). By comparison with authentic samples 
(prepared previously) the components were identified (in order of 
elution) as 2,6-dimethylcyclohexanone (8%), 2-phenylthio-1,3- 
butadiene (not estimated) and the desired product, 2,6-dimethy1-6- 
[y-phenylthiocroty] ]Jcyclohexanone (85%). Chromatography as before 


yielded 2.7 g (80%) of the monoalkylated product. 


Purification by carbon chromatography. Carbon chromatography was 


effected on Barnebey-Cheney AU-4 carbon which was refluxed with IN 
HCl for several hours, washed with water and refluxed with IN NaOH. 
The carbon was then washed with water until the filtrate was neutral, 
followed by methanol, chloroform, and methylene chloride, and allowed 
to air dry. In contrast to "ordinary" type chromatography, the 
eluting solvents were used in decreasing order of polarity. For 
example: 1 g of crude mixture containing (by glc analysis) 2,6- 
dimethylcyclohexanone (8%), the alkylating agent (not estimated) 

and 2,6-dimethy1-6-[y-pheny1thiocroty] ]cyclohexanone (85%) was 
applied to a carbon column (35 g, 2.2 x 28 cm) packed in methanol. 


The column was eluted with 150 ml of methanol followed by 500 mi 
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of acetone which removed the first two components. The monoalkylated 
product was eluted with 500 ml acetone: ethyl acetate (1:1) followed 
by 300 ml ethyl acetate. This afforded 0.72 g of the alkylated 
product. The column was then reconditioned by washing with benzene 


followed by chloroform and finally by methanol. 


y-phenylthiocrotyl chloride. Potassium hydride (Alfa, 35% in oil, 
1.6 g, 14 mmol) was placed in a flask equipped with a magnetic 
stirring bar, condenser, and injection part capped with a rubber 
sleeve stopper. The apparatus was purged with nitrogen and connected 
through a trap to an azotometer. The KH was washed with dry pentane 
(3 x 10 m1) and dry THF was added (12 ml). 2,6-Dimethylcyclohexanone 
(1.51 g, 12 mmol) in THF (10 m1) was added with stirring at room 
temperature. Hydrogen evolution was quantitative in 12 min. The 
enolate solution was cooled to 0° and y-phenylthiocrotyl chloride 

(ca 16 mmol) in THF (8 ml) was added and the reaction mixture was 
allowed to warm to room temperature. Aliquots were taken at 30 min, 
2 hr and 10 hr, and quenched with ammonium chloride solution. After 
work-up they were subjected to gic analysis, which indicated a 
complex mixture of products of which the monoalkylated ketone was 


formed in 45% yield. 


Preparation of 2,6-dimethy1-6-[y-n-buty1thiocroty] ]cyclohexanone. 


To the solution of the lithium enolate of 2,6-dimethylcyclohexanone 


(4.15 g, 33 mmol) in DME (50 ml) at -2°C, lithium jodide (5.4 gq, 
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45 mmol) was added under nitrogen and the flask was wrapped with 
aluminum foil. This was followed by rapid addition of freshly 
prepared y-n-buty]thiocroty1 chloride (ca 40 mmol) in DME (10 m1).? 
The resulting mixture was stirred for 40 min (during which time the 
temperature rose to 25°), then poured into 100 ml of cold saturated 
sodium hydrogen carbonate solution and extracted with pentane (3 x 
25 ml). The pentane extract was washed Successively with aqueous 
3% HCl, aqueous sodium hydrogen carbonate solution, then dried 
(MgSO,) and concentrated. The residue was purified by carbon 
column chromatography using methanol and methanol-acetone (1:1) 

as the eluting solvents. This afforded 7.0 g (75%) of 2,6-dimethy1- 
6-[y-pheny!thiocrotyl ]cyclohexanone, ir (liquid film): 1715 (C=O), 
1630 om? (C=C); nmr: 6 5.78 to 5.05 (m, 1H) vinyl protons, 2.65 


(br, t, 2H) CH2-S, 2.0 (m, 3H) CH3-C=CH-CH2, 1.9 to 1.28 (m, 6H) 


methylene protons, 1.05 to 0.95 (m, 9H) CH3CH2 CH, CH;CH; mass 
spectrum m/e: 268.4281 (Caicd. for Ci¢H2~S0: 268.4287), 268 (2), 
179 (4), 144 (12), 143 (100), 110 (6), 100 (11), 88 (24). Anal. 
Calcd. for C,¢H22S0: C, 71.58; H, 10.51; S, 11.94. Found: C, 
Peaies hs, WO.745'S5. 12.17. 


Preparation of 6-methy1-2-[y-phenylthiocrotyl Icyclohexanone. This 


compound was prepared as above from 2-methylcyclohexanone (1.57 g, 


14 mmol) and y-phenylthiocrotyl chloride (ca 17 mmol) in the presence 


a. A latter modification utilized simply a concentrated solution of 
the halide in pentane-ether (10 m1) instead of replacing the 
solvents with DME. This gave consistenly higher yields. 
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of lithium iodide (1.7 g, 17 mmol). The reaction was carried out 
in DME (35 m1) for 30 min. Glc analysis (column A, temperature 
programming 90-260° program rate 15°/min) indicated an 83-85% yield 
of 6-me thy 1-2-[y-pheny1thiocroty] Jcyclohexanone. Chromatography 
as before yielded 2.88 q (75%), ir (liquid film) 1715 (C=0), 

1640 (C=C), 750 and 700 cm™! (CgHs)3 nmr (100 mHz, CDC1,): 6 7.25 
(s, 5H) CeHs, 5.92 to 5.64 (m, 1H) CHs-C=CH-CH2, 2.7 to 1.4 (m, 
10H) (CHa), CH-CH; , C=CH-CH2-CH, 1.85 (b, s, 3H) CHs-C=CH, 1.15 to 
1.07 and 1.07 to 1.00 (d, J = 6.5 Hz, 3H) CH-CH,. Mass spectrum m/e: 
£7971 98), 270 (15), 165. (100), 16a (Ry), 1a? (eb)s len (ary lode sols 
110 (24), 95 (16), 91 (14), 81 (32). Anal. Caled. for C,7H22S0: 


ip Tae s My Oils Ss |l,Oc, rounds C,./74ye5% Hy 6.85: Sel legos 


Preparation of 6-methy1l-2-[y-n-butylthiocroty] ]cyclohexanone. This 


compound was prepared as above from 2-methylcyclohexanone (1.347 q, 
12 mmol) and y-n-butylthiocroty] chloride (ca. 14 mmol) in the 
presence of lithium iodide (1.1 q, 17 mmol) in DME (30 m1) for 

45 min at -2° to 25°. Glc analysis (Column A, temperature programming 
90-260°C, program rate 15°/min) indicated an 84% yield of 6-methy1- 
2-[y-n-butylthiocrotyl ]cyclohexanone. Chromatography as before 
yielded 2.2 g (72%), ir (liquid film): 1715 (C=0), 1630 cm~} 
(C=C); nmr: 6 5.78 to 5.7 (m, 1H) CH,-C=CH-CH2, 2.65 (br, t, 2H) 
Cheese. 0. (bh 8S, on) CH ,-C=CH-CH, , 2.8 to 0.9 (m, 13H); mass 
spectrum m/e: 254 (15), 236 (27), 197 (18), 165 (30), 143 (100), 
148 (57), 125 (15), 110 (12), 91 (22). Anal. Calcd. for C,5H26S0: 


C, 70.80; H, 10.30; S, 12.60. Found: C, 70.36; H, 9.99; 5, 12.44. 
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Preparation of 2-methy1-A*-cyclohexeny] acetate’? 66. A solution 


of acetic anhydride (115 g, 1.125 mol), 2-methylcyclohexanone (28 a, 


0.25 mol) and aqueous 70% perchloric acid/0.17 ml, 1 mmol) in 300 
ml of carbon tetrachloride was stirred at 25° for 3 hr and then 
poured into a cold (0-5°) mixture of 200 ml of pentane and 200 ml 
of saturated aqueous sodium bicarbonate. After excess solid sodium 
bicarbonate had been added to neutralize all the acetic acid formed, 
the pentane layer was separated and the aqueous phase was extracted 
with pentane. The combined pentane solutions were dried, concen- 
trated, and distilled to afford 35 g (90%) of enol acetate 66, b.p. 
81-86°/18 mm, Ny 1205708 Wlae Np 1.4562-1.4572); ir (liquia 
Teliieuel7 50eand. | 700n cma: yentinws o 2.03) (Syasu ln CHeC=0 6 1 44ul ms 
(bys s) 4) 3H] “CHS CH=CH. . 


Preparation of 2-methy1l-2-[y-phenylthiocroty] ]cyclohexanone. Methy1- 


lithium (43 mmol, obtained by concentrating an ether solution under 
reduced pressure) and 2,2-bipyridyl (10 mg) were dissolved in DME 
(25 m1) and the resulting purple solution was cooled to 0°. While 
the temperature of the solution was kept at 0-10°, a solution of 
enol acetate 66 (3.24 g, 21 mmol) in DME (10 m1) was added dropwise 
with stirring over 35 min. The resulting red-orange solution 
(indicating excess of methyllithium) was cooled to 2° and lithium 
iodide (3.24 g, 30 mmol) was added. This was followed by a solution 
of y-phenylthiocrotyl chloride (ca 30 mmol) in ether-pentane (5 mi). 


The reaction mixture was stirred in the dark (the bath was removed 


and the flask was wrapped with aluminum foil) for 40 min (during 
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which the temperature rose to 25°) and then poured into 100 ml of 
cold saturated, aqueous sodium bicarbonate solution and extracted 
with pentane. The pentane extract was dried and concentrated. The 
residue was chromatographed on a carbon column to yield 5.8 g (74%) 
of 2-methy1-2-[y-phenylthiocroty]]cyclohexanone, ir (liquid film): 
1715 (C=O), 1640 (C=C), 755 and 705 cm™! (CgHs): nmr (100 mHz, 
CDC1;): 6 7.3 (m, 5H) C,Hs, 5.84 to 5.62 (m, 1H) CH3-C=CH-CH> , 

2.5 to 2.27 (br, d, 2H) CH-CH2, 1.97 (br, s, 3H) CH3-C=CH, 1.9 to | 
1.6 (m, 8H) (CH2),, 1.10 and 1.08 (s, 3H) CH33 mass spectrum m/e: 
274 (40), 770 (11), 198 (51), 164 (30), 163 (100), 135 (97), 130 
(26 yo 1020(22)59110 (88), 291 (35). AnaleeCaled’ for C,7Hs9S0: 

Cymt t 40 cea. 0Gs25 5.1 oem rOUnd: 5 Cs 74-0958 Hey. 99 <5 en) lca. 


Preparation of 2-[y-phenylthiocrotyl]cyclohexanone. To a solution 
of the lithium enolate of cyclohexanone (1.37 g, 14 mmol) in DME 
(25 m1) at 0°, lithium iodide (Glas g, 16 mmol) was added under 
nitrogen, this was followed by a solution of y-phenylthiocroty] 
chioride (ca 16 mmol) in ether-pentane (5 ml). The reaction mixture 
was stirred in the dark for 35 min during which the temperature 
reached 25°C. Work-up, as described for the 2,6-dimethylcyclo- 
hexanone case, followed by chromatography on a carbon column 
afforded 2.73 (75%) of 2-[y-phenylthiocrotyl ]cyclohexanone, ir 
(liquid film) 1715 (C=0). 1630 (C=C), 750 and 700 cma> (C.He): 
nmr: 6 7.3 (m, 5H) CgHs, 6.05 to 6.4 (m, 1H) CH3C=CH-CH2, 2.7 to 
1.5 (m, 14H); mass spectrum m/e: 260 (7) 1SBiN0) 2 eis 15) 5 
W620 70). 135 (89) 129 (59), 110 (100), 98 (40), 91 (31). Anal. 
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Calcd tor Ciclsgs0:, Cs73.79, HS Vallee se) Ceol aROUng soe 
TSM Asso tos oe fonda 


Preparation of 1-trimethylsiloxy-3-methylcyclohexene.!23 Toa 


cooled (0°) slurry of copper (I) iodide (5.54 g, 30 mmol) in ether 
(30 m1) was added an ethereal solution of methyllithium (36.2 ml, 
1.65 M, 60 mmol). After the addition was complete, 2-cyclo- 
hex none (2.7 g, 78 mmol) in ether (10 m1) was added, the resulting 
mixture was stirred for 15 min at 0°, and chlorotrimethylsilane (12 
ml), triethylamine (15 ml) and HMPA (7 m1) were rapidly added. The 
mixture was then stirred at room temperature for 1 hr, after which 
time it was diluted with pentane (100 ml). The resulting mixture 
was washed successively with two 50 ml portions each of 5% HC] and 
5% NaHCO; and dried over MgSO... The solvent was removed ats 
atmospheric pressure and the residue was distilled to yield 3.957 q 
(77%) of 1-trimethy1si loxy-3-methylcyclohexene; b.p. 49°/3 mm 
fiit.?3° 35°/1.4 mm]; ir (liquid film) 1660 cm™’ (enol ether); 

nmr: 6 4.63 (m, 1H) CH=C, 0.83 (d, 3H) CH3, 0.17 (s, 9H) SiMe;. 


Preparation of 2-[y-phenylthiocrotyl ]-3-methylcyclohexanone. A 
mixture of the silyl enol ether (3.957 g, 21.4 mmol) and methy1- 


lithium-ether solution (13.3 ml, conc. 1.65 m, 22 mmol) was stirred 


t 26° for 30 min and then the ether was removed from the suspension 


pa) 


of the lithium enolate. The residue was dissolved in DME (30 ml) 
and the solution was cooled to 0°. Lithium iodide (2.6 g, 20 mmol) 


was added, followed by y-phenylthiocroty] chloride (ca 25 mmol) in 
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ether-pentane solution (10 ml) and the reaction mixture was stirred 
in the dark for 45 min during which time the temperature was allowed 
to reach 25°. Then the reaction mixture was poured into 50 ml of 
cold saturated ammonium chloride solution and extracted with 
pentane (3 x 15 ml). The pentane extract was washed with water, 
then brine, and dried (Na,S0,), and concentrated. Glc analysis 
(Column A, temperature programming 90-268, program rate 15°/min) 
indicated a 90% yield of 2-[y-phenylthiocroty] ]-3-methy1cyclohexa- 
none. Chromatography as before yielded 4.8 g (80%), ir (liquid 
film) 1715 (C=0), 1640 (C=C), 750 and 700 cm-! (CgHs); nmr: 6 7.3 
(mepoH) eC ellen: 6204 tons O8(mse 1H)..9 CHsCs 2e6e. ton le Se(ms) iohe 
1.08 (d, J = 7 Hz, 3H) CH3; mass spectrum m/e: 274.1381 (calcd. 
GOe Grehsoee SOs) o2/401392)m 2749 (46) 50264 (32) s 240546 ee sae ase 
209 (26), 204 (24), 165 (94), 163 (100), 147 (30), 135 (42), 110 
(24)5" 1098 (2655958 ( 24), 81) (40) o> Anal secalcds forsGrHs3s0: 

Crp Aee0 hee S008eS 0 1eGS. a Pounds Cye74el75cnemo OO se onemt noc. 


Reaction of 2 ,6-dimethy1-2-[y-n-butylthiocroty] ]cyclohexanone with 


mercuric chloride. A mixture of mercuric chioride (0.75 g, 2.75 mmol) 
and 2,6-dimethy1-2-[6-n-buty]thiocroty] ]cyclohexanone in 12 ml of 

SA UEENE acetonitrile (3 ml H.0 and 9 ml CH3CN) was stirred at room 
temperature. The reaction was monitored by glc analysis which 
indicated complete consumption of the starting ketone after 40 hr. 

The mixture was filtered through alite with thorough ether washing. 
The filtrate was washed with aqueous sodium bicarbonate and then 


with brine, dried (MgS0,) and concentrated (rotatory evaporation). 
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The resulting oi] was passed through a short silica gel column 
(methylene chloride eluant) to remove mercuric salts, affording, 
after removal of solvent, 175 mg (95%) of 1,2,5-trimethy]bicyclo- 
[3.3.1 ]non-2-en-9-one: ir (liquid film) 1715 cm? (C=O); nmr: 

6 5.55 (m, 1H) HC=C, 1.61 (m, 3H) CH,C=C, 1.03 and 0.95 (s, 3H) CH,; 
mass =spectrumam/e@: 0 1/8.(2)s 125 (5) a0 4 955(6).93 (8). 
GORW2 ewooe(27)ee53 (16). 243e(100) 242 7( 15 eats) ms ecag le 
295(33)5 


Reaction of 2,6-dimethy1-2-[y-n-buty]thiocroty] cyclohexanone with 
mercuric chloride in the presence of calcium carbonate. To the 
ketone (0.335 g, 1.25 x 107? mol) in 6 ml of 3:1 acetonitrile-water 
was added mercuric chloride (0.75 g, 2.75 mmol) in 8 ml of the same 
solvent followed by calcium carbonate (0.304 gq, 3.3 mmol). The 
reaction was initially stirred for 6 hr at room temperature, then 
at reflux for an additional 6 hr. Glc analysis (column B temp 100°C) 


indicated only the presence of starting material. 


Reaction of 2-methy1-2-[y-phenylthiocroty] ]cyclohexanone with 


titanium tetrachloride in acetic acid. A dry three-necked flask 

(25 m1) equipped with thermometer, addition funnel, condenser, and 

a magnetic stirring bar was charged with glacial acetic acid (10 ml). 
Titanium tetrachloride (0.23 ml, 6 = 1.689 g/cm*, 2.1 mmol) was 
added and a yellow precipitate resulted. This mixture was stirred 
at room temperature for 5 min, then a solution of 2-methy1-2-[y- 


pheny1thiocroty] Jcyclohexanone (260 mg, 0.95 mmol) in glacial acetic 
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acid was added and the mixture stirred for 15 min at room temperature 
during which time the color of the mixture changed to’ olive green. 
At the end of this period water (0.07 g, 3.7 mmol) was added (which 
immediately caused a color change to deep red) and the mixture was 
stirred for an additional 30 min. The reaction mixture was poured 
into a cold saturated solution of potassium carbonate (25 ml), 
extracted with ether (3 x 15 ml) and dried (Na,SO,). After removal 
of the solvent at atmospheric pressure, the residue [containing 
75-78% 10-methy1-1(9)-octal-2-one by glc (column E, 200)] was 
chromatographed over neutral (Woelm) silica gel, Activity III, 

using freshly distilled (from LAH) skelly B and methylene chloride 
(3:1 by volume) as eluants. This afforded 93 mg (63%) of 10-methy1- 
1(9)-octal-2-one, Mp 5227) (ieee Mp 125230) ei re Glaquid 
Tile 16S08(C=0) 1610 ecne = (C=C) sonmrs) G6 5750 (Se IH) eGH=C; 

2.4 to 1.3 (m, 12H), 1.15 (s, 3H) CH3; mass spectrum m/e: 164 
(75 mel sGk C7 ecu (100) se 1280) 1el07a07 9) 29 Sel Ss) eo tena?) 
RomCG2 eet 18073) 50405 (861), 


Reaction of 2-methy1-2-[y-pheny1thiocroty1 ]cyclohexanone with Tin 


tetrachloride. To a solution of tin tetrachloride (0.24 ml, 

d 2.226 g/ml, 2.1 mmol) in methylene chloride(10 m1) the above 
substrate (260 mg, 0.95 mmol) was added and the mixture was stirred 
at room temperature for 20 min. Then water (0.07 g, 3.7 mmol) was 
added and the resultant mixture was stirred at room temperature and 
monitored by glc analysis (column C, temp. 200°). A complex mixture 
of productswas formed, and the yield of enone, 10-methy1-1(9)-octal- 


2-one was less than 402. 
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Hydrolysis-cyclization of 2-[y-pheny1thiocroty1]cyclohexanone. 
Titanium tetrachloride (0.3 ml, 2.65 mmol) was added to glacial 
acetic acid (8 ml) and the resulting yellowish mixture was stirred 
at room temp. for 6 min. Then 2-[y-phenylthiocroty] Jcyclohexanone 
(0.265 g, 1.06 mmol) in acetic acid (5 ml) was added and the 
brownish green solution was stirred for an additional 15 min at 
room temperature. Addition of water (0.0765 ml, 4.24 mmol) caused 
a color change to deep red. The resulting mixture was warmed to 
55°C and kept stirring for 1 hr. At the end of this period the 
reaction mixture was poured into a cold saturated solution of 
potassium carbonate (25 ml), extracted with ether (3 x 15 m1) 

and dried (Na.S0,). After removal of solvent at atmospheric 
pressure, the residue [containing 77% 1(9)-octal-2-one by glc 
(column C, 200°) ] was chromatographed over silica gel, Activity 
III, using Skelly B and methylene chloride (60:40) as eluants. 
First, 43 mg of a by-product was obtained: ir (liquid film) 

1585 (conjugated double bond), 1460, 1440, 1260, 1110, 1080, 1040, 
875, 810, 750 and 700 cm?; nmr: 2.7 (m, 5H) CeHs, 6.3 (br, 

Ss, 1H) CH=C, 2.7 to 1.1 (m, 11H). Then 103 mg (65%) of the product, 
1(9)-octal-2-one was obtained. ir (liquid film): 1680 (C=0), 
1610 cm7? (C=C); nmr: 6 5.5 (s, 1H) CH=C, 2.4 to 1.3 (m, 13H); 
mass spectrum m/e: 150.1042 (calcd. for CyoH1,0: 150.1045) 

150 (32), 122 (100), 108 (18), 107 (16 ie G4 (40) Sao see 23) 209 eal). 
Romie ens]. (27 )is.67 1(18) 5060 (21) 5616). 
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Hydrolysis-cyclization of 2 ,6-dimethy1-2-[y-n-buty]thiocroty1]- 


cyclohexanone. Titanium tetrachloride (2.8 ml, 2.62 mmol) was 
added to glacial acetic acid (80 m1) and the resulting yellowish 
mixture was stirred at room temperature for 6 min. The 2,6- 

dime thy 1-2-[y-n-buty1thiocroty1 ]cyclohexanone (2.7.9, 10.5 mmol) 

in acetic acid (20 ml) was added and the brownish solution was 
stirred for 20 min at room temperature. Water (0.725 ml, 42 mmol) 
was then added, which caused a color change to deep red. The 
reaction mixture was kept at room temperature under stirring for 

4 hr and then quenched with a cold saturated solution of potassium 
carbonate (100 ml). The aqueous layer was extracted with ether 

(3 x 50 ml); the organic layer was washed with 20% potassium 
hydroxide solution, water, brine and dried (Na,S0,). After removal 
of solvent at atmospheric pressure, the residue [containing 73% 
8,10-dimethy!-1(9)-octal-2-one by gic (column C, 22°)] was 
chromatographed over neutral silica gel (Woelm), Activity III using 


heptane-methylene chloride (60:40) as eluant to provide, in order 


MeOH 


of elution: vinyl sulfide 82, [0.785 g (30%), es 


277 mi 

(e 9.150); ir (liquid film): 1590 cm”! (conjugated double bond); 
nmr: 6 6.3 (br, s, 1H) CH=C, 2.9 to 0.8 (m, 25H); mass spectrum 
m/e: 250.1761 (calcd. for CygHoe°*S: 250.1756)], then 1,2,5- 
trimethylbicyclo[3,3,1]non-2-en-9-one [(93 mg, 5%) which had 
identical nmr and ir spectra to the compound isolated previous ly | 
and finally, trans-8,10-dimethy1-1(9)-octal-2-one (1218"q 555970, 
ir (liquid film): 1680 (C=0) and 1610 ci) (C=C) seni On oe7d, 
(deedeque Hz, 1H) CH=CGy 1.28 (SeecHpMCHscethdo (din Ji = 46250 ees) 
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CH353 mass spectrum m/e: 178 (22), 163 (8), 150 (18) 57 13684 269%, 
WOSM033 5s 1198011) 107 (33), 105 (30,793 (45) 991 (59), 79 (64) 
77 (58), 67 (27), 65 (33), 55 (42), 53 (54), 51 (36), 41 (100), 
89r(96) 292 (64). 


> 


Hydrolysis of 6-me thy 1-9-pheny1thio-bicyclo[4.4.0]-1,9-decadiene, 


with titanium tetrachloride. Titanium tetrachloride (0.23 ml, 

2.10 mmol) was added to glacial acetic acid (10 ml) and the resultant 
yellowish mixture was stirred at room temperature for 5 min. To this 
mixture the vinyl sulfide 82, (0.262 g, 1.05 mmol) in nieetat, 
acetic acid (4 ml) was added and the resulting brown solution was 
stirred for 15 min. Then water (0.075 ml, 420 mmol) was added 

(which immediately caused a color change to deep red) and the 
reaction mixture was kept at room temperature under stirring for 
Thr. Glc analysis (column E, 220°) indicated the formation of 75% 
of trans-8,10-dimethyl-1(9)-octal-2-one. Chromatography as before 
yielded 80 mg (50%) of the enone which had identical nmr and ir 


spectra to the compound isolated previously. 


Hydrolysis-cyclization of 2-me thy 1-6-[y-n-buty1thiocroty] ]cyclo- 


hexanone. Using the same procedure as above, this compound (520 mg, 
1.01 mmol) was treated with titanium tetrachloride (On 520m ee7, 
mmol) in glacial acetic acid (20 ml) for 15 min, then with water 
(0.138 ml, 4.7 mmol) in glacial acetic acid (20 ml) for 15 min, 

then with water (0.138 g, 4.6 mmol) and the reaction mixture was 


stirred for 4 hr at room temperature. Work-up as before afforded 
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73% trans-8-methy1l-1(9)-octal-2-one as estimated by glc analysis 
(column D, 180°). Chromatography as before yielded 178 mg (59%) 
of the octalone, ir (liquid film): 1680 (C=0) and 1610 cm! (C=C); 
Ries 600572 (deed 0=93)H2 a1) eCH=G.. llea(d. eo 6 oct? . cH)eChas 
mass spectrum m/e: 164 (12), 135 (25), 121 (13), 109 (18), 108 
(18) 9948033) 5.93°(28) 091, (49)... 80 (15)5 79544) 77 (49a 6s 
(37), 56 (40), 51 (48), 43 (68), 41 (60), 39 (100), 29 (43). 
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